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ELEVATED STATIONS 


TRANSPORTATION IN ITS MOST MODERN FORM 
are the qualities inherent in this gas-electric driven motorbus, 


Flexibility, economy, smoothness and ease of control 
which belongs to a fleet of similar vehicles operated by the Philadelphia Rural Transit Company. The history 


| 
and development of this phase of transportation are contained in the leading article of this issue | 


In This Issue: Ballast Resistors — Resuperheating 
| Farming by Electricity Automatic Railway Signals: 


Photographing 200,000,000 Cycles _ Fluorescence Gas-electric Motorbuses 
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~THE4H WHEELER CONDENSER INSTALLED 


For the Public Service Corporation, Newark, N. J. 
in 3 years 


Tus 50,000 sq. ft. bowl-shaped condenser is to be installed 

with a 37,000-kw. turbine at the Kearney Station of the 
Public Service Corporation. Two multipleelement Wheeler 
Steam Jet Air Pumps will afford the maximum flexibility of air 
removal. The shallow tube bank and ample 
steam lanes give hot condensate temperature 
and high vacuum due to a minimum pressure 
drop across the tube bank. 


me WHEELERS oe 
PRODUCTS INCLUDE 


CONDENSERS -ALL TYPES 
COOLING TOWERS - HEATERS 
STEAM JET AIR PUMPS 
HEAT EXCHANGERS 
EXPANSION JOINTS 
EVAPORATORS 
BOILER FEED PUMPS 
CENTRIFUGAL PUMPS 
TURBINES 
CONDENSER TUBES 
* BRASS & COPPER PIPE @ 


~~ 


This design requires from four to five 
feet less head room than any other type of 
surface condenser. 


WHEELER. CONDENSER. & ENGINEERING CO. 
149 Broadway, New York 
Works ~ CARTERET, N.J.. NEWBURGH , N.Y. 
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AILROAD operation de- 

pends heavily on air brakes 
and block signals. These two essen- 
tials of safe operation for high 
speeds and heavy trains are pro- 
vided by the Westinghouse Air 
Brake Co. and the Union Switch 
& Signal Company, both of which 
have made extensive use of Stone 
& Webster construction service for 
importantadditions to theirplants. 


sUNERAL ELECTRIC REVIEW 


Look 


EXT Fall will see the UNI- 

VERSITY OF PITTS- 
BURGH in possession of a splen- 
did new STADIUM being built 
under the supervision of STONE 
& WEBSTER. 


The seats are in two tiers fully en- 
closing the playing field and afford- 
ing a capacity of 70,000. Mr. W.S. 
Hindman is Chief Engineer with 
Miss Marion K. Hindman assistant 
on architectural design. 


Listen 


HE President of The Ameri- 

can Sugar Refining Company 
wrote the Victor Talking Machine 
Company: ‘‘We employed Stone 
& Webster, Inc., for the construc- 
tion of our new Baltimore Refinery 
. . « I recommend them to you 
unreservedly.” Victor employed 
us to build a new manufacturing 
building, to enlarge another build- 
ing, to remodel the power house, 
and later to put up another build- 


ing. 


“His Master’s Voice” 


TONE & WEBSTER-built plants and structures are found. 

everywhere filling a multitude of power, industrial and 
other uses. Whatever you make or do you can profit by our 
varied experience for your new construction. 


STONE & WEBSTER 


INCORPORATED 


CHICAGO, 38 S. Dearborn Street 
PHILADELPHIA, Real Estate Trust Bldg. 


NEW YORK, 120 Broadway’ 


SAN FRANCISCO, Holbrook Bldg. BOSTON, 147 Milk Street 
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Produce Power with Greater 
Reliability and Lower Costs 


iwi z 


(aan TAAL RC 


Ingersoll-Rand Surface 
Condensers 


Cameron Pumps 


HE Ingersoll-Rand Surface Condensers 

have far less tube surface than other ma- 
chines for the same vacuum, load and water 
temperatures. This means a saving in your 
maintenance and operating cost. 


This marked decrease in surface has resulted 
from a careful co-ordination of many new 
features, as arrangement of tubes in stages— 
heart-shape shell—external devaporizer coolers 
—higher water velocities in single-pass con- 
struction, without higher friction. 


Cameron circulating, condensate, and boiler 
feed pumps are designed to meet the hardest 
conditions in modern service. Every detail 
has been worked out with the chief idea in 
mind—DEPENDABILITY. 


Bulletin 9036 on request 


INGERSOLL-RAND Company, 11 BRoapway, New York City 
Offices in principal cities the world over. 
For CANADA REFER 
CanapiAn Incersott-RAnp Co., Limitep, St. JAmMes STREET, 
Montreat, Quebec. 


Ingersoll-Rand 


. S. CAMERON STEAM PUMP WORKS 


Say you saw it advertised in the GENERAL Exectric REVIEW 


SEPTEMBER, 1925 GENERAL ELECTRIC REVIEW 3 


Marshall, Mo., Electric Consumers Saved 
Money on This Condenser 


aL: 


TINE 


HE Municipal Electric Plant at Marshall, Mo., 
recently announced a reduction in electric rates 
effective April 1st. The reduction was made pos- 
sible by the installation of new equipment—an Elliott- 


Ehrhart Low Level Jet Condenser with spray pond, which 


Is saving operating expense conservatively figured at 
$8,000.00 per year. 


The consulting engineers — Henrici-Lowry 
Engineering Co., in a letter approving the in- 
stallation, quote figures which show that the 
new condensing equipment is netting a saving 


re) Bee pounds of steam per indicated horse- 
power—or a saving of 26%. 


ELECTRIC RATES REDUCED 
k AND APPLIANCES 


by the Mani- 
a pills to be 


or 
ER, COOKING : 
Jacek ath cosas ers Son 


ince ta the 
is is to se further reduction 


h 
the commercia 
rates applied t 


On a fuel con- 
sumption of 7,871 tons for 1923, costing $5.04 


per ton. a conservative figure of 20% amounts 
to $7,900 per year. The increased efficiency 
permits operating one boiler instead of two 
boilers during the greater part of the time. 
Actual operating records for the three months 
aad he since the Condenser has been installed indicate 
a ene a coal consumption of 5.23 pounds per kilowatt- 
hour, as against 7.57 in 1923. 


Consulting Engineers 


Yollowing letter hes been rece ved from the . 
approving the Mstallation of this equ pment 


" 
ilers 
tead of two bo 
il re: 
rate oil likewise decresse ¢he dep! 


hh the appearance of your {nstallation and 
I 


The Flliott-Ehrhart Condenser serves three 
engines, one 750 kv-a., one 375 kv-a. and 
one 250 kv-a. The Condenser is so piped that 


any of the engines may be run on the Con- 
denser. 


yours truly, % 
eNRICLLOWRY ENGINEERING, © 

= By Hermann C. Henrich’ 

psi he, patent oe latent with sound 


11 times ender ‘ a 
The Board asad w farnish good service af 8 
yeally as 


WORKS 
Kusiness principles BOARD OF PUBLIC 


GENERAL SALES OFFICES AND WORKS 
JEANNETTE, PA. 
ee - DISTRICT OF FICES:ATLANTA.BALTIMORE, 
4 ~_ BOSTON, CHICAGO, CINCINNATI, DETROIT, 
CLEVELAND,NEW YORK, KANSAS CITY, 
' PHILADELPHIA,PITTSBURG, ST.LOUIS, 


EXECUTIVE OFFICE~PITTSBURGH, PA. 


PRODUCTS . 
CONDENSERS. AIR EJECTORS,. FILTERS 
DEAERATORS., STRALNERS. SEPARATORS 
EXTRACTORS. AUTOMATIC VALVES 
BLOW-OFF VALVES.HEATERS + » + | 


C-274 


Elliott-Ehrhart Condensers 


express every refinement 
of the art 
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Exceptional service from these two units | 
sold a third to the same owners | 


EPEAT orders prove merit! 

Performance entirely in accord with the McIntosh & Seymour 
standard has made these two 575-b.hp. Diesel Engines so satisfactory 
that the owners (name on request) have purchased an additional unit 
for use in one of their other plants. 


If you need more power, or pay too much for generating what you 
already use, the advice of our engineers would cost you nothing, but 
might show astonishing possibilities. 


MCINTosH & SEYMOUR 


CORPORATION 
Main Office and Works: AUBURN, NEW YORK 
New Yorx City = Jacxsonvittz, Fra. Houston, Texas Kansas City, Mo. San Francisco 
149 BRoapway 412 Bispee Brpc. 317 Humate Bipe. to16 Bartimore Ave. 815 SHELDON B pc. 
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New D arture 
Ball Bearings 


New Departures Outsell 
Because New Departure Excels in: 


Experience. One of the oldest 
manufacturers of ball bearings and 
steel balls in America. 


Modernity of plant equipment 
and processes. 82 buildings, 39 acres 
floor space, machinery modern in 
every respect—much of it developed 
by our own engineers. 


Plant operation and capacity to 
deliver. 32,000 tons of steel are 
used in producing 27 million quality 
ball bearings a year. 

Heat treating plants. 392 heat 
treating furnaces, each with pyrom- 
eter control. 157,524 sq. ft. of floor 
space. 

Forge plant. 40 upset forging ma- 
chines, 12 drop hammers, 149 auxili- 


aries, 69 furnaces, 21,000 tons capacity 
a year, 133,328 sq. ft. floor space. 


Grinding plants. 1435 machines 
of most modern design covering 
269,305 sq. ft. of floor space. 


Steel ball plant. 1179 machines, 
most cf which are of special New De- 
parture design. 105 furnaces, 249,461 
sq. ft. of floor space. 300 million steel 
balls of all sizes per year. 


Inspection. Begins at steel mills and 
from then on to the finished product, 
includes every known metallurgical 
and mechanical examination during 
and after every operation. 


9. Research. Extensive research and 
experimental laboratories. 


THE NEW DEPARTURE MEG. CO., BRISTOL, CONN., DETROIT, CHICAGO. 
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Send for this free 


Welding Hand Book 


It shows how to test the quality of 
welding wire and electrodes—how im- 
portant is the choice of the right filler 
for each class of work —why Page prod- 
ucts are the best that scientific methods 
can produce, and other valuable welding 


information. 
=| 


Remember this — Page supplies the 
correct grade of wire and electrodes for 


any job— Page Mild Steel Gas Welding 
Wire and Electrodes, Page-Armco Special 
Processed Wire and Electrodes and Page 
High Carbon Wire and Electrodes. You 
cannot be too particular about the selec- 
tion of your welding metal. 


3 


Mail the coupon for this book and the 
facts—today. 


PAGE 


Mild Steel : PAGE-ARMCO : Page High Carbon 


Gas Welding Wire and Electrodes 


PAGE STEEL & WIRE §: 
COMPANY : 

An Associate Company of the American Chain > 
Company, Inc. : 

Bridgeport, Connecticut : 

District Offices: New York Pittsburgh Chicago : 
San Francisco . 


Name... 


Address! 2 ae: 


Gentlemen: 
Please send me a free copy of your Welding Hand 
Book. This is to incur no obligation. 
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Page Steel & Wire Co., 
Bridgeport, Conn. 
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Correct 
National Pyramid Brushes 


—for all operating conditions 


BY MEETING correctly the conditions in numerous 
individual installations, National Pyramid Brushes 
have saved thousands of dollars for industrial plants, 
central and substations, trolley and rail lines. 


When you have a troublesome brush problem, we 
will gladly assist you in solving it. 
Our Sales Engineers are always at your service. 


Manufactured and guaranteed by 


NGA Ais OIN AVI: GCyAG Ke b.OLN GLOreM.PVAUNe Ye, i NeCr 
Carbon Sales Division 


Cleveland, Ohio San Francisco, Cal. 
Canadian National Carbon Co., Limited, Toronto, Ontario 


Emergency Service Plants 


PITTSBURGH, PA. 
CHICAGO, ILL. , NEW YORK, N. Y. 
551 West Monroe St. Arrott Power Bldg. No. 3 357 West 36th St. 


r Barker Place % 
Phone: STAte 6092 Phone: ATLantic 3570 Phone: LACkawanna 8153 


Where heavy starting torgue or speed BY 


cortrol is necessary, consider t»e ad- 
vantages of co nmut tor type motors. 


Ask us about our 
data sheet service. 
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This is one of a series of advertisements 
describing fsome of the interesting and 
unusual uses of die-castings in various 
fields. 


Die-casting 
a form for the 
modern ice-man 


ONE forever from the back door of many 

homes is the lusty voice that calls, “Any 

ice today, lady?” The man with the tongs 1s 

losing customers to the modern ice-man—the 
electrical refrigerator. 

In addition to keeping things always cool, 
the modern ice-man delivers little blocks of 
ice which are frozen in a form or mold like 
the one illustrated. This form is die-cast and 
is another outstanding ‘example of how die- 
castings are being utilized in modern inven- 
tions. 


New inventions are by no means, however, the only 
places where die-castings are being used to advantage. 
Of aluminum, zinc, tin and lead alloys, we are die- 
“casting parts also for many machines and 
appliances which have been on the market 
for years. 

Whether you have a new product or an 
old one, we should like to have you con- 
sider with us the possibility of die-casting 
some of its parts, Our experienced tech- 
nical staff is at your service. 


When you buy die-castings from us, you are assured 
of the same high quality that has established our 
Dutch Boy trademark as a mark of excellence on 
babbitts, solder and paint materials. 


NATIONAL LEAD COMPANY 


Die-Casting Division 
111 Broadway New York, N. Y. 
Western Representatives: E. R. McCormick, 2599 Cadillac Ave., 
Detroit, Mich, A. H. Bergedick, 667 Bowen Street, Dayton, 
Ohio. A. A. Gildemeister, 444 Fourth Street, Toledo, Ohio, 


ALUMINUM, ZINC, LEAD and TIN 


DIE-CASTINGS 


ee 


INFORMATION 


On every electrical subject 
arranged in HAN DY 
FORM under these 
headings:— 


Electro-Therapeutics — Electric 
Shocks — X-Rays — Welding — 
Brazing — Soldering — Heating — 
Motion Pictures—RAD1IO—Radio 
Hook-ups—Telephone—Telegraph 
— Electric Bells — Cranes — Ele- 
vators — Pumps — Electric Ship 
Drive— Electric Railways—Elec- 
tric Vehicles. 

Automobile Starting and Light- 
ing System—I gnition—Generation 
and Transmission—Electric Tools 
— Plant Management — Power 
Station Plans — ARMATURE 
WINDING—Armature Repairing 
—A.C. Motors— Alternator Con- 
struction — Alternators — D. C. 
Motors—Dynamos — Magnetic In- 
duction —WIRING—Wiring Dia- 
grams—Electric Lighting — Sign 
Flashers—Cable Splicing— Power 
Wiring— Underground Wiring— 
Outside Wiring—Wiring Finished 
Buildings—Tests. 

A. C. Apparatus (Switch De- 
vices; Current Limiting; Light- 
ning Protection)—Rectifiers—Con- 
verters — Transformers — Power 
Factor — Alternating Currents — 
D. C. Apparatus (Switches ; Fuses; 
Circuit Breakers; Rheostats ; 
Watthour Rules)— Electro Plat- 
ing — Electrolysis — Storage Bat- 
teries — Magnetism — Electrical 
Energy — Conductors —Insulators 
— Static Electricity — Dynamic 
Electricity — Magnetic Electricity 
—Radio Electricity—Recent Ap- 
plications — Ready Reference — 
Index on all subjects 


AUDEIS 


SEPTEMBER, 1925 


COMPLETE 
IN 1 VOLUME 


FREE EXAMINATION 


$1 PER MONTH 
IF SATISFIED 


OF PRACTICAL ELECTRICITY 


Here is an up-to-date, quick 
Ready Reference. It gives com- 
plete instruction and inside 
information on every electrical 
subject. Every point clearly 
explained in plain Janguage and 
diagrams that are easily under 


stood. Handy touse. Easy to 
learn from. Subjects arranged in 
progressive manner for the student 
and with complete index which gives 
information instantly to professional 
workers. A time saver, money saver, 
and a helping hand for Engineers, 
Professional Electricians, Students 
and all interested in electrical work. 


Handsomely Bound in Flexible 
Red Leather 


Audels Handy Book is a magnificent 
volume that you will be proud to 
ownand carry with you. Gilt Edged. 
Durable real leather binding. 1040 
pages of strong white paper. Large 
Type. 2600 illustrations and dia- 
grams. A mine of information and 
a most unusual value at only $4. 
Send no money. Pay nothing to 
postman. 

Use this coupon, NOW! 


FREE . 
EXAMINATION 


COUPON 


Theo. Audel & Co., 65 West 23rd St., New York 


Please send me AUDELS HANDY BOOK OF 
PRACTICAL ELECTRICITY for free examination. 
If satisfactory, I will send you $1 in 7 days, then $1 


monthly until $4 is paid. 


Qccu pation steccocccee, vests murees 3 


Employed: byae scat ener gereceee 
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cross section them 
anywhere [ 


you'l'find them uniform 


The close grained even texture of all STACK- 
POLE Brushes is the result of over 18 years of 
research by Stackpole Engineers and Chemists, 
combined with the scientific control maintained 
through every step of their manufacture. 

The exceptionally long life of Stackpole 
Brushes and their efficient functioning under all 
conditions make friends for Stackpoles wherever 
applied. 

Our Engineers will be glad to help you in the 
proper selection of your Carbon Brushes 
be they brushes for vacuum cleaner motors or 
brushes for central station equipment. 


Write for catalogue 


STACKPOLE CARBON COMPANY, ST. MARYS, PA. 
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Steadfast Purpose 


HE most essential element of economical production 

and service in any field of industry is specialization 
From its earliest conception The Maqua Company was 
organized with a steadfast purpose in view—Serurce fo the 
electrical industry. 

The requirements of such a clientele are exacting and 
wide in scope. We have been successful in meeting the 
demand through the untiring efforts of a force of crafts- 
men especially trained to produce high-grade commercial 
and technical printing. 

For more than a decade The Maqua Company has 
been supplying service to manufacturers and dealers in 
electrical supplies and machinery. And when we mention 
Service to the buyers of printing we feel confident the word 
carries with it the prestige of prominence in the production 
of business-building printing. 


THE MAQUA COMPANY 


Offices and Plant located at ScHENECTADY, NEw York 


PRINTERS, ENGRAVERS and BINDERS to the ELECTRICAL INDUSTRY 
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Compensates for Sudden 
Temperature Changes 


The center illustration shows the parts oy 
No. 1070 pin type insulator and the 
corrugated section of the top unit. At 
the right is shown the complete assem- 
bly and at the left a cross section detail. 
All multi-part pin type insulators are 
now designed and made with this cor- 
rugated joint to give protection from 
cracked tops and_additional mechan- 
ical strength. 


ULTI-PART PIN TYPE insulators can The distribution of the mechanical load is 

now be obtained which are insured so equalized that no concentrated stresses 

from damage to the top porcelain unit due can be set up in any part of the porcelain. 

to sudden temperature changes. These These tests have shown this new construc- 

new Locke designs incorporate radical im- tion possesses exceptional strength, as 

provements in construction and method of well as having the necessary flexibility to 

assembly which effectively correlate the provide for the most extreme temperature 

required mechanical strength with high changes which could be encountered_in 
resistance to thermal stresses. service. 


LOCKE INSULATOR CORPORATION 


BALTIMORE, MD. Factories at Victor, N. Y., and Baltimore, Md. 
Sales Offices: 


Boston, Mass. Philadelphia, Pa. Chicago, IIl. Sale Lake City, Utah San Francisco, Calif. Portland, Oregon 
84 State St. 803 Atlantic Bldg. 770 I!linois Merchants Bank Bldg. P. O. Box 1877 575 Mission St. 61 Fifth St, No. 

New York, N.Y. Dallas, Texas Atlanta, Ga. Denver, Colo. Los Angeles, Calif. Seattle, Wash. 

waar eae ed 1801-15 No. Larmar St. 414 Red Rock Bldg. 819 Seventeenth St. 236 S. Los Angeles St. 570 Fifth Ave. So. 
ictor, IN, XY. ~ ; 


Export Agents: International General Electric Co., Schenectady, N. Y. 
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NEwpPorT NEWS RACK RAKE 


Wit. SOLVE YOUR TRASH PROBLEMS 


How much tribute in the form 
of lost power and extra em- 
ployees will you pay this fall to 
floating and submerged trash? 
Write for full information about 
the Newport News Mechanically- 


operated Rack Rake, to suit your 
needs 


Newport News Rack Rake in lowering position 


NEWPORT NEWS SHIPBUILDING AND DRY DOCK COMPANY 
DEPT. G.E. NEWPORT NEWS, VA. 


Latest Development in Revolving Car Dumpers 


It meets the demand for a 
dumper of simple construction, 
small investment, high efficiency, 
low operating cost and a mini- 
mum of labor. 


Built in lengths of 30, 40, 50 
and 60 feet for handling cars 
from 6 ft. 6 in. to 13 ft. o in. high 
and from g ft. o in. to 10 ft. g in. 
RECENT PURCHASERS wide and loaded capacities up 


By-Products Coke Corporation ° 
Cleveland ee > flumin ies Co to 320,000 lbs. gross weight. 
The Koppers Co. for Bethlehem Steel Co. 


The Koppers Co. for Commonwealth E lison Co. (2 Plants) 
Utah Copper Company (2 Machines) 


Chile Exploration Company (2 Machines) 


f The Wellman-Seaver-Morgan Company 
Cleveland, Ohio, U. S. A. 
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In the heart of the 
Hell Gate Station ~ 


Copper Wire and Cable 
(Bare and Insulated} 


Bus Bars & Tubes 
Condenser Tubes 
Commutator Segments 
Drawn Copper Shapes 
Welding Rods 


Copper, Brass and 
Nickel Silver 


Sheets, Wire, Rods 
and Tubes 


ia 


rd 
eeescegeaae: 7" — 


Section of bus bar panel board 
Hell Gate Station. Anaconda 
Copper is used. 


Uniform in dimension throughout their entire 
length, Anaconda Bus Bars provide the accurate 
electrical capacity so important in central station 
operation. 


Anaconda Bus Bars are cold drawn through dies. 
This process assures accurate dimensions and flat 
contact surfaces. 


The degree of hardness is also carefully controlled, 
so that Anaconda Bus Bars are easily bent and re- 
tain the required form. 


The use of Anaconda Electrolytic Copper guaran- 
tees a conductivity of 99% or better at 20° C in 
terms of International Annealed Copper Standard. 


THE AMERICAN BRASS COMPANY 


GENERAL OFFICES: WATERBURY, CONNECTICUT 
Sales Offices and Agencies in Principal Cities 
Canadian Mill: ANACONDA AMERICAN BRASS LIMITED, New Toronto, Ontario. 


World's mes manufacturers of Copper, Brass, 
Bronze and Nickel Silver 


ANACONDA Bus Bar CopPER 
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Double-Barreled 


Economy 


ACsE first kind of economy you 
effect in purchasing good 
grease can be compared to the 
saving in buying one automobile 
tire at $20.00, good for 15,000 
miles, instead of buying two at 
$15.00 each, good for a total of 
15,000 miles, maybe. High-class 
grease does cost less in the long 
run than cheap stuff. 


The second kind of economy 
involved is based on the elimi 
nation of trouble. Just as a 
well-built tire protects a rider 

from delays and real danger of 

accident, so good lubrication 
protects a plant from the delays 
of installing new bearings and 
from the danger of overheated 
bearings. 


“Keeping Down the Cost of Lubrica- 


» 7 
iF rn tion” and “Densities and Uses of Key- 
\EYSTO | 


stone Greases” are worth-while booklets 
GREASE that point the way to real economy. 
The Mes sna We will gladly send you copies of both. 


KEYSTONE LUBRICATING CO. 
Est. 1884 
Philadelphia, } at 21st and Clearfield Streets 


Branches and warehouses in principal cities 


a 
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One Bearing 


for Two Loads 


The Gurney Radio-Thrust bearing 
will take both radial and thrust load. 
It occupies less space than two 
separate bearings (one for the radial 
load and one for the thrust load)— 
has longer life and renders depend- 
able service. Why use two bearings 
where one will answer the purpose? 
Simplify design—reduce cost. 


Gurney Engineers, with many years’ 
experience, are at your disposal on 
bearing questions. 


Marlin-Rockwell Corporation 
Jamestown, N. Y. 


BALL BEARINGS 
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G-R Expansion Joint 
Guaranteed— 


[1] To compress one quarter 

inch axially when subject to Send 
a compressive force of 125 

pounds per inch nominal the 


diameter of pipe. 


[2] To expand one quarter . 
inch axially when subject to x 
an expansive force of 150 A, 
pounds per inch nominal “ 


diameter of pipe. 


* 
[3] To distort laterally one oe 
eighth inch with a force of ee ty 
ls ; P / s , 
125 pounds per inch nominal ee Sh Cad 
. F . “ Ye 
diameter of pipe. OO IEE ET ee 
< of Pi mgr” Se is 
x Z PoN Tx ee 
. PS oe ee oe ew 
THE GRISCOM-RUSSELL COMPANY vs. avs 
“Lye ¥ fie OCS OA Bt 
2140 West St. Building, New York Re Ae oe Se SS eg” 
~ <' <=) a & 4 RS 
BRANCHES IN PRINCIPAL CITIES ° = ee weer CF 


STEAM 


ELECTRIC 
GASOLINE 


Built in every type and size required by contractors. 
Designed and built in every part to stand the most severe use. 


The Speed They Develop The Work They Do 
The Economy in Power Consumed Their Freedom From Breakdowns 


MAKE THE LIDGERWOOD HOIST THE CHEAPEST TO USE 
CABLEWAYS HOISTS DERRICKS 


LIDGERWOOD MFG. CO., 96 Liberty Street, New York 


Chicago; Pittsburgh; Philadelphia; Los Angeles; Seattle; Tacoma; Portland, Ore.; Brown-Marx Blig., Birmingham, Ala. 

Sole Agents: Norman B. Livermore, San Francisco; Woodward, Wight & Co., Ltd., New Orleans, La.; John D. Westbrook, Inc., 
Norfolk, Va.; Canadian Allis-Chalmers, Ltd., Toronto, 

Foreign Ofices: Sao Paulo, Brazil; Rio de Janeiro, Brazil; London, England. 
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B 
T-H 


Tramcar Controllers 


The B.T-H. (B510) tramcar controller illus- 
trated has many important features of special 
interest. Among these may be mentioned the 
adjustable fingers with renewable contact 
tips; individual blow-out coils for each finger 
ensuring the most rapid quenching of the 
arc; cross-field magnetic braking is employed 
and this is effective in either direction and 
irrespective of the position of the reversing 
handle. All cable connections are readily 
accessible without removing the controller 
barrel and a motor cut-out switch, operated 
from the cap-plate, is incorporated to simplify 
testing the motors individually without open- 
ing the controller. 


Further particulars will be sent on 
application for D.L. 8073. 
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OVER A SPAN OF INCHES OR MILES, ELECTRICITY SERVES 


The place where power is needed is seldom 
the place where it can be generated to best 
advantage, and the intervening span over 
which energy is transmitted may measure but 
a few inches or many miles. If the separa- 
tion is of the latter order there is no other 
choice than electricity as the form of trans- 
mission, and fortunately no other choice is 
needed so well does electricity serve the pur- 
pose. 

When the problem involves but a short span 
the possibilities of mechanical transmission 
are so numerous that regard is commonly 
given to this system of transmission only, no 
matter how great a transformation of the 
power characteristics may be required. That 
notable success has been attained in develop- 
ing mechanical drives to accomplish some of 
these transformations is indeed a tribute to 
the engineers of that profession. Neverthe- 
less, mechanical transmission has rather 
definite limitations in flexibility of applica- 
tion and operation. The lack of sufficient 
application flexibility may readily prevent 
utilizing some type of prime mover that gen- 
erates horsepower-hours cheaply but of a 
speed-torque characteristic widely different 
from that required by the load. The lack 
of sufficient operating flexibility may handi- 
cap the best performance of the driven 
machine in case variable speed is an essential. 

Thus there are instances of short-span 
power transmission where electricity offers 
decided advantages, not because the ends 
cannot be linked by other means as in the 
case of the miles-long transmission line but 
because it introduces practically unlimited 
flexibility of application and of operation. 

On shipboard it is found worthwhile to re- 
place the low-speed reciprocating engine by the 
more economical high-speed turbine, or Diesel 


engine, convert its output to electricity, and 
reconvert to mechanical power only a few 
feet away. Even over a span of as many 
inches, conversion and reconversion is not 
necessarily superfluous as is demonstrated 
in the case of the automobile bus where it 
affords an opportunity to obtain better in- 
herent speed control than is possible with the 
throttle-clutch-gearshift combination. 

But few of us who drive pleasure cars give 
thought to the mechanical system of speed 
control as the sources of a number of our 
troubles; if the car is slow to accelerate in 
traffic, we place the blame on the engine; if 
the engine stalls, we again blame it for being 
weak; if the fuel that is fed is not completely 
utilized at times of forced acceleration or 
heavy pulling in high gear, we impute the 
fault to improper carburetor adjustment; 
if we race the engine—well, it’s ours anyhow 
and we are not responsible to anyone else for 
the higher maintenance cost we incur. All 
these ‘‘ifs,’’ however, are of vital consideration 
to the bus operator for with him driving is a 
matter of business, a business of furnishing as 
rapid a schedule of service as city or interur- 
ban traffic conditions will safely permit and at 
an operating cost sufficiently low to assure 
him a reasonable profit in competition with 
other lines of transportation. 

By replacing the clutch and gear shift, box 
with an electric generator, an inches-long 
transmission system, and an electric motor he 
can eliminate the common shortcomings of 
driving technique mentioned in the preceding 
paragraph. 

An interesting historical review of the de- 
velopments leading up to the present-day 
gas-electric bus, together with detailed in- 
formation about the equipment, is furnished 
by Mr. Baldwin on page 608. Bs Gers; 
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An Electric Drive for Gasoline-propelled Motorbuses 


By Henry S. BALDWIN 
AUTOMOTIVE ENGINEERING DEPARTMENT, GENERAL ELECTRIC COMPANY 


The motorbus as a practical conveyance fills two needs in our urban transportation problem. Either it 


may serve as a feeder for existing traction lines or it may be used on restricted highways that are not open to 
troiley lines. To be economical in operation the motorbus must have a large passenger carrying capacity and 


hence must itself be large. The ordinary transmission sys 


is not suitable for the frequent starting and stopping required of a large bus. When electric drive is used as the 
connecting link between the motor and the rear wheels we eliminate the troublesome transmission of the 
ordinary motorbus and in addition obtain uniform acceleration. In this article, presented as a paper before 
the semi-annual meeting of the Society of Automotive Engineers, the author begins with a description of the 
first experiment in electric drive in 1904, and follows the course of its progress to the present time.—EDITOR. 


By a singular coincidence, two new indus- 
tries had their beginning about 30 years ago. 
The practical use of electricity in the affairs of 
man and the appearance of the automobile a 
little later were destined together to exert a 
great influence on modern civilization. The 
rapid growth of these two forces has been 
unique; today they stand among the first of 
the great industries. Both represent the 
latest creations of the human mind. The use 
of electricity has enabled manufacturers to 
meet the demands of the public in the produc- 
tion of the automobile. 

Although electricity had been employed for 
many years for the purpose of ignition, it was 
not until 1911 that it was adopted commer- 
cially for starting the internal-combustion 
engine and for lighting the automobile. With- 
out doubt, this single innovation, more than 
any other, served to bring about the great 
popularity of the gasoline automobile, for it 
removed forever the necessity for physical 
exertion in starting the engine and at the 
same time simplified the lighting problem. 

Few realize, perhaps, that the regular elec- 
trical equipment of a passenger car embodies, 
ona small scale, almost every device known to 
the art for the generation, control, measure- 
ment, storage and use of electrical energy. A 
recent study has disclosed the somewhat sur- 
prising fact that 5 per cent of the weight and 
nearly 10 per cent of the selling price of a five- 
passenger sedan represent the electrical appa- 
ratus that the public considers necessary for 
its comfort and convenience. t 

Until the appearance of the motorbus a few 
years ago, practically all transportation of 
passengers in cities and suburbs was carried 
on by electric street-railways with overhead 
or undergrcund trolleys and, as a result, this 
system has reached a state of high develop- 
ment and organization, of low operating-cost 
and high efficiency. It is safe to say that, for 
heavy city traffic, where unlimited power, 


high acceleration and large carrying-capacity 
are needed, the electric street-railway can 
easily hold its own. Public utility companies, 
however, have not been slow to realize that 
the new conditions which have arisen within 
the last few years have greatly affected the 
problem of passenger transportation. These, 
briefly, are the serious traffic congestion caused 
by the ever-growing number of private auto- 
mobiles and motor trucks and the rapid and 
successful development of the motorbus with 
its freedom from the restraint of rails and 
trolleys. Here is a new point of contact 
between the great electrical development 
that has been going on for many years and 
the automotive industry. Fortunately, the 
public utility companies, with their city 
franchises and long experience in handling 
passengers safely, comfortably and cheaply, 
have realized the significance of the motorbus; 
and, on the other hand, the motorbus manu- 
facturer is keenly alive to the possibilities of a 
new field for his product. 

Two factors in the transportation world are 
now working together to give the public the 
best and most acceptable service; the public 
utility company must look to the motorbus 
to act as a feeder and to relieve the pressure of 
traffic by utilizing the great boulevards and 
motor highways on which rails and trolley 
wires are not permitted. The experience of 
street-railway companies in the successful 
use of electric motors and control, covering a 
long period of years under all conditions of 
traffic and in all seasons, has established great 
confidence in their reliability and durability. 
It is this experience that has led the utilities 
to a serious consideration of the electric drive 
for motorbuses; and the automotive engineer 
has responded in a splendid spirit of co-opera- 
tion in adapting the motorbus to meet the 
new conditions. 

Aside from the considerations already 
named that tend toward the use of the electric 


= mr 
a 3% 


} 
i 
‘ 
¢ 
+ 


AN ELECTRIC DRIVE FOR GASOLINE-PROPELLED MOTORBUSES 


drive in combination with the internal-com- 
bustion engine for propelling motorbuses, an 
examination of patent-office records and auto- 
motive publications covering a period of more 
than 30 years shows the sustained activity 
and endeavor made in this field, and indicates 
that simplicity, continuous torque, ease of 
control and durability have been appreciated 
from the earliest days of the industry. No 
attempt will be made to enumerate or to dis- 
cuss the many efforts of inventors and engi- 
neers to embody the electrical idea in and 
adapt it to the automobile. A study of the 
early attempts, however, is most interesting 
and profitable. The fact that the basic idea 
of the electric drive has persisted throughout 
all these years, in spite of the many failures 
and discouragements common to the early 
days of any new art, is evidence that the prac- 
tice of shifting gears with several reductions, 
in combination with a clutch for disconnect- 
ing the internal-combustion engine, has not 
measured up to the highest ideals; the use of 
electricity, therefore, has been invoked to 
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supply a transmitting device better adapted 
to utilizing the characteristics of the gasoline 
engine and to allowing full use of the advan- 
tages of this modern prime-mover. 


Early Fifth Avenue Buses 

The first important use in this country of 
the electric drive for motorbuses was in 1904 
when an experimental single-deck motorbus, 
shown in Fig. 1, was designed and built by the 
General Electric Co. for the New York Trans- 
portation Co. for use on Fifth Avenue, New 
York City. This served to work out many 
interesting details, both mechanical and elec- 
trical, including electric starting, and led to 
the construction of 10 electric-driven motor- 
buses by the same company in 1907. These 
were placed in operation in 1908 and con- 
tinued on that route for 6 years, together with 
similar double-deck DeDion-Bouton buses 
having mechanical drive. The chassis of 
these buses is illustrated in Fig. 2. The fact 
that electric-driven motorbuses remained in 
service on the principal avenue of the largest 


Data 


Date of First Run 

Number of Motorbuses 

Type of Body 

Number of Passengers 

Weight of Chassis, lb. 

Weight of Motorbus, lb. 

Weight of Motorbus, 
Loaded, lb. 

Engine, Type 


Electric Generator 
Electric Motors 
Control 


Free-Running Speed on 
Level, m.p.h. 
Gearing 


Driving Wheels 


Aver. Fuel Consump- 
tion, miles per gal. 

Acceleration, m.p.h. per 
sec. 

Weight of Gear Box, lb. 

Weight of Electrical 
Equipment, lb. 


General Electric 
Electric-driven 
Bus, Double-motor 


TABLE I 


DATA ON EARLY FIFTH AVENUE 


DeDion-Bouton 
Mechanically- 
driven Bus 


Sept. 14, 1905 
1 

Single-Deck 
30 

10,000 

15,500 


20,000 

Gas Engine & Pow- 
er Co., Four-Cyl- 
inder, 6x6-in. 

TD, Six-pole, 110- 
volt, 55-amp., 
600-r.p.m. 

2 GE-1012, 85-volt, 
40-amp., 1200- 
r.p.m. 

Foot Accelerator 

Electric Reverse 


15 

Spur and Chain, 16 
to 1 

36-in. 
Solid 


Diameter, 


ile 


1940 


September, 1906 


1 
Double- Deck 
16 inside, 18 outside 


14,170 
DeDion, Four-Cyl- 
inder, 4.2x5.2-in. 


Gear Box and 
Clutch 


Gear Box and 
Clutch 


Foot Accelerator 
Clutch and Gear- 
Shift 


Bevel and Internal- 
Spur, 9 to 1 

388-in. Diameter, 
Solid 


4.0 


1.25 to 11 m.p.h. 
600 


MOTORBUSES 


General Electric 
Electric-driven 
Bus, Doyble-motor 


General Electric 
kL lectric-driven 
Bus, Single-motor 


May 15, 1908 
10 


Double-Deck 

16 inside, 18 outside 
5967 

9417 


14,517 
DeDion, Four-Cyl- 
inder, 4.2x5.2-in. 


TD, Six-pole, 125- 
volt, 60-amp.,900- 


r.p.m. 

2 GE-1026 125-volt, 
30-amp., 1600- 
r.p.m. 

Foot Accelerator 

Electric Reverse 


18 

Herringbone and 
Chain, 14.5 to 1 

40-in. Diameter, 
Solid 


3.3 


120 tof! m.p.n. 


1310 


September, 1910 
1 


Double- Deck 

16 inside, 18 outside 
5550 

9000 


13,500 
DeDion, Four-Cyl- 
inder, 4.2x5.2-in. 


TD, Six-pole, 125- 
volt, 60-amp., 
900-r.p.m. 

1 GE-1027, 125-volt, 
60-amp., 1300- 
fip.i0. 

Foot Accelerator 

Electric Reverse 


19 

Bevel and Internal- 
ODUr eo Com Le 
38-in. Diameter, 
Solid 


3.5 


1.25 to 11 m.p.h. 


1170 
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city of this country indicates that they must 
have operated on schedule and with a reason- 
able degree of efficiency. 

All were equipped with the double-motor 
electric drive, one being changed in 1911 to the 
single-motor drive. The principal difficulty 
with these machines was that the engines, 


Fig. 1. Experimental Single-deck Motorbus 
Built in 1904 


The equipment included electric starting. The construction 
of ten electric-driven motorbuses followed in 1907. 


which were of special design, had not been 
sufficiently developed, and they were later 
replaced with DeDion-Bouton engines. 

The first double-deck DeDion-Bouton mo- 
torbus was placed on Fifth Avenue late in 
1906, being followed by 16 of the same make 
in 1907. The 10 electric-driven motorbuses 
referred to having been placed in commission 
in 1908, the question arose early in 1909, as to 


Fig. 2. 


Buses thus equipped were placed in operation in 1908 and 
continued on the Fifth Avenue route for 6 years. 


what type of transmission should be used in 25 
additional motorbuses that were about to be 
ordered. The president of the operating com- 
pany stated at that time that the electric 
transmission feature was a complete success 
and that if the results of the test of the single- 
motor bus had been known, the order would 

(1) See Street Railway Journal, Dec. 2, 1905, p. 986; GENERAL 


ELectric REVIEW, November, 1908, p. 214, and March, 1912 
p. 130. 7 
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not have been placed abroad for mechanically- 
driven buses. Furthermore, electric-driven 
chassis were not in regular manufacture and, 
consequently, were not available in time 
to meet the demands of the New York 
Transportation Co. These points are men- 
tioned in answer to the question why so 
promising an undertaking was seemingly 
abandoned. 

From an electrical standpoint, these motor- 
buses demonstrated the practicability of the 
electric drive for their propulsion and may 
also be considered as the first considerable 
group of motorbuses of any kind designed and 
built in the United States and used in regular 
service. The wiring diagram of these buses 1s 
reproduced in Fig. 3. 

After this early start came a period of com- 
parative quiet in the motorbus business, 
followed by the so-called ‘‘jitney bus, ” which 
was usually mounted on a standard chassis, 
carried only a small number of passengers 
and, for the most part, was operated by an 
individual or small owner independently of 
the public utility companies. The jitney-bus 
era continued for years, but jitney buses were 
found to be an unsatisfactory attempt to solve 
the transportation problem for cities and sub- 
urbs owing to the lack of reliability of the 
service. These buses, moreover, did not 
prove financially successful for they had not 
been specially designed and built to meet the 
severe demands of public service. 


Double-motor Motorbus Chassis 


About the time that the electric drive was 
being tried out in motorbus service, it was also 
successfully employed for railroad passenger- 
cars, and later, with the Diesel engine, for ship” 
propulsion. The most recent development is 
in connection with oil engines for locomotives. 
In each case, the electric drive has served to 
smooth out the irregular impulses of the 
internal-combustion engine. 
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Electric Drive in England 

The idea of the electric drive has found 
practical expression in England where the 
Tilling-Stevens Motors, Ltd., of Maidstone, 
began experimental work on them in 1907, 
and from 1911 to the present time has built 
and put into service more than 1300 electric- 
driven motorbuses. Of this number, some 
460 are operated by the London General 
Omnibus Co. and the Thomas Tilling, Ltd., 
for motorbus service in London. Fig. 4 shows 
a single-deck vehicle. The electric-driven 
buses have about the same fuel consumption 
as the standard London General Omnibus 
Co.’s vehicles, the maintenance charge, how- 
ever, being from 10 to 15 per cent less. 

The Tilling-Stevens system consists of a 
shunt-wound interpole generator, having vari- 
able fields connected through a controller and 
resistance-box to a series-wound interpole 
motor, the fields of which are designed for 
shunted operation as shown in the diagram 
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Fig. 3. Wiring Diagram of Single-motor 
Chassis 


Buses of this type were the first of any kind to be designed 
and operated in quantity in the United States. 


reproduced in Fig. 5. The controller has for- 
ward, neutral and reverse points, while the 
resistance-box, which is operated by a sepa- 
rate lever, has a series of points so that the 
generator fields can be weakened as the motor 
fields are strengthened and vice versa. The 
highest speed is obtained when the motor 
fields are weakened. In a modified form of 
this system, a compound-wound generator 


is used, the series field being varied by the 
resistance-box, which is used to shunt the 
motor field. 

According to the writer’s observation, the 
performance of the Tilling-Stevens motor- 
buses in London has been very gratifying, 
owing to the smooth acceleration and quiet 


Fig. 4. Tilling-Stevens Single-deck Electric-driven 
Vehicle 


Of the 1300 electric-driven motorbuses built by this Com- 
pany, 460 are operated in London by the London General Omni- 
bus Company and the Thomas Tilling Limited. 


running because of the inherent character- 
istics of the electric drive. Although the 
electric motor and control elements of the 
10 Fifth Avenue motorbuses referred to met 
the requirements of service as it existed at 
that time, the characteristics of the generator 
were such that when the throttle was sud- 
denly opened the engine was not instantly 
loaded and, therefore, raced until the voltage 
was built up to the value necessary to start 
the motorbus. This resulted in an appreciable 
lag between the time of opening the throttle 
and the movement of the motorbus that not 
only interfered with the acceleration and the 
schedule, but caused a somewhat higher fuel- 
consumption. Furthermore, the generator 
characteristic, as can be seen from Fig. 6, was 
comparatively flat, so that in ascending grades 
with their increased current demands, high 
voltage meanwhile being maintained, the 
engine was overloaded and operated at a low 
point on the brake-horsepower curve. 


Modified Form of Drive with Storage Battery 
Although this article deals primarily with a 
form of electric drive in which all the electric 
energy generated passes directly through the 
driving motors, a modification of this system 
has been devised by Prof. Morton Arendt, of 
Columbia University. This includes a stor- 
age-battery of sufficient size to absorb a part 
of the output of the generator as required and 
to deliver this energy to the motors for 
accelerating and hill-climbing. A motorbus 
embodying this system has been tested 
recently in New York City and represents a 
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different solution of the problem. The chassis, 
as can be seen from the side view reproduced 
in Fig. 7, is of the conventional motorbus type, 
adapted to carry a 25-passenger single-deck 
front-entrance body, The prime-mover is a 
four-cylinder 354 x 54%-in. gasoline engine, 
and is much smaller than that ordinarily used 
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Fig. 5. Wiring Diagram of Tilling-Stevens Motorbus 


A shunt-wound interpole generator having variable fields is 
connected through a controller and resistance box to a series- 
wound interpole motor, the fields of which are designed for shunt 
operation. 


for a motorbus of this capacity when equipped 
with mechanical drive. The engine is direct- 
connected to a compound-wound generator 
and supplies electrical energy to the driving 
motors and battery in varying degree, depend- 
ing upon the traction requirements. A sys- 
tem of cut-outs and relays is provided for 
controlling the battery, which may either 
charge or discharge to meet the power de- 
mand. An automatic controlling device is 
provided to reduce the engine speed to about 
900 r.p.m. when the vehicle is coasting or 
standing still. By the use of an engine of 
small dimensions and power, operating most 
of the time on full open throttle, high fuel 
economy is obtained. A double worm-driven 
rear axle is used, which is shown in Fig. 8. 
The battery weighs 650 lb. and, under normal 
road conditions, is kept fully charged by 'the 
engine-generator set. The motorbus has a 
free-running speed on the level of from 30 to 
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35 m.p.h. and has the advantages common to 
the electric drive. Its weight with electrical 
equipment is 10,200 Ib. 


Development of Electric Power Plants 

The period of 15 years following the installa- 
tion of the 10 electric-driven buses on Fifth 
Avenue was not one of idleness from an elec- 
trical standpoint. Although the motorbus 
situation itself was comparatively quiet, re- 
search and experimental work were carried on 
without interruption and each year a number 
of electric-driven equipments were built for 
motor vehicles of various kinds. These 
included vehicles of special design for munici- 
pal work and street cleaning, tractors for 
refuse collection, fire apparatus and trucks 
and armored tanks and gun-mounts for the 
United States Army during the war. 

Many methods of mounting and driving the 
generators and many forms of control and 
generator characteristics were tried in these 
developments but, in the main, the generators 
were compound-wound and self-excited with 
a comparatively flat voltage curve. The 
operation of the vehicles was uniformly suc- 
cessful, since acceleration, maintained speed 
on grades and fuel consumption were not con- 
sidered so important then as they are now. 

Although only a few important motorbus 
lines existed from 1908 to 1923, it was appre- 
ciated by electric-traction engineers that, in 
time, an opportunity for the electric drive, in 
conjunction with the internal-combustion 
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Fig. 6. Characteristic Curve of Generator Used on 
Second and Third Electric-drive Fifth Avenue 
Motorbuses, 1908 and 1910 


engine, would present itself. For this reason 
the problem was carefully studied and ex- 
periments made, using a compound-wound 
generator with differential series field instead 
of a cumulative field, the shunt field being” 
separately excited by a small shunt-wound 
generator that formed a part of the main 
unit. A battery-excited teaser winding (see 
Fig. 9) was also employed for the exciter field. 
This arrangement gave very satisfactory 
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results. Racing of the engine when starting, 
as previously referred to, was corrected, and 
improvement was obtained in acceleration, 
speed on hills, and fuel consumption. 

With separate excitation of the shunt field, 
it is possible to obtain a drooping voltage- 
characteristic that allows the engine to oper- 


Reference to the curve reproduced in 
Fig. 10 will show that the kilowatt output 
of the generator is substantially constant 
throughout the cycle of operation. It is 
needless to say that, aside from this major 
change, which was brought about by motor- 
bus demands, many minor changes were 


Fig. 7. Arendt Electric-drive System Using Storage Battery 


High fuel economy results from the use of a small, low-powered 
engine operating mainly on wide open throttle. 


ate at higher speeds during the acceleration 
cycle and on grades when heavy currents are 
required, the output being kept within the 
power limitations of the engine because of the 
nearly constant output that is maintained 
with open throttle. In other words, at the 
time of starting, when high torque is neces- 
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Fig. 8. Worm-driven Rear Axle on the Arendt Chassis 


This motorbus has the advantages of the electric drive system 
and develops a free running speed of 30 to 35 miles an hour on 
level road. The complete chassis weight is 10,200 lb, 


sary, the current is high and the voltage low, a 
condition that changes gradually and auto- 
matically with the increase of speed of the 
motorbus, until the current reaches the rate 
required for normal running, when the voltage 
is correspondingly higher. 


made both in the electrical and the mechani- 
cal details of the generator, motor and 
controller that tend toward higher efficiency 
and greater output for a given amount of 
material. 

The question of frame construction, self- 
ventilation, details of mounting and the like 
received attention, and improvement was 
made along all these lines. Experience gained 
from the long-continued use of electric motors 
in street-railway-car propulsion and for stor- 
age-battery trucks indicated the great dura- 
bility and reliability of this form of trans- 
mission. It is not unusual to find electric 
motors that have been in continuous traction 
service for 20 years or more. In working out 
the electric drive, advantage has been taken 
of the many improvements in electric motors 
that have been brought about by modern 
manufacturing methods, created by the al- 
most universal employment of this device for 
industrial purposes. 


Electric-drive Vehicles at Philadelphia 


An opportunity to utilize the experience 
acquired came in July, 1923. Shortly before 
that time the Mitten Traylor Co. had de- 
signed and built a number of 64-passenger 
double-deck mechanically-driven motorbuses 
intended for the use of the Philadelphia Rural 
Transit Co. on boulevards and:as feeders to its 
main lines. One of these motorbuses is shown 
in Fig. 11. J. A. Queeney, vice-president of 
the Company, desired to utilize the advan- 
tages of the electric drive and control, and his 
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demand for the necessary equipment resulted 
in the design of a special generator and motor 
embodying all that had been learned in the 
art during the transition period. 

It was decided to rebuild one of the Phila- 
delphia Rural Transit chassis, substituting 
the electric for the mechanical drive. This 
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Fig. 9. Wiring Diagram of General Electric System of 
Electric Drive for Motorbuses 


_The generator is compound, with a series winding, connected 
differentially. The shunt wound exciter prevents racing the 
engine and improves the acceleration and fuel economy. 


would allow a direct comparison to be made 
‘ quickly under identical conditions of opera- 
tion. The work of rebuilding the chassis was 
carried out by the J. G. Brill Co. and the 
General Electric Co. jointly, and motorbus 
No. 102 with electric drive was run in Phila- 
delphia for the first time on June 13, 1924. 
The capacity of the generator and of the 
motors was based upon the operating require- 
ments and traction data submitted. These 
units were designed to utilize the output of 
the six-cylinder 4 by 6-in. gasoline engine with 
which the chassis was equipped. A view of 


the power-plant is given in Fig. 12. The 
generator emb« \died a compound winding with 
differential ies winding and a separate 
exciter for the shunt field. 

The motors were series wound, with a torque 
characteristic of about 4 to 1. The latest 
practice in the electrical design and manufac- 


ture of generators and motors was used 
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throughout. The mechanical design included 
cylindrical magnet-frames composed of steel 
castings with aluminum-alloy heads. The 
exciter formed an integral part of the main 
generator casting, insuring a compact and 
strong unit. All fields were of the four-pole 
type, without interpoles. 

As will be seen, the armatures of the gen- 
erator and of the exciter were mounted 
directly on a hollow shaft, carried by large 
ball-bearings mounted in the heads. Self- 
ventilation by radial fans was provided on all 
the units to obtain the greatest possible out- 
put per pound of material. Brackets for 
mounting the generator were provided on the 
front heads, the exciter-head being made cy- 
lindrical to fit a special cross-member of the 
frame. The armature was driven by a pro- 
peller-shaft passing through a quill with a 
flange coupling at the rear end and an internal 
gear-coupling attached to the flywheel at the 
front. 

The object of this construction was to give, 
in effect, a long couple, relieving stresses on 
the crankshaft, and also to allow for a small 
amount of misalignment. Experience had 
shown that the rear bearings of some automo- 
tive engines were not of sufficient size to carry 
the added weight of the armature. This 
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Fig. 10. Acceleration Curves of 64-passenger Electric- 
driven Motorbus No. 102 


The kilowatt output of the generator is substantially constant 
throughout the cycle of operation. 


arrangement has proved successful in opera- 
tion. Certain engines, however, have large 
crankshafts with rear bearings of ample size 
that allow the head of the generator to be 
bolted directly to the bell-housing of the 
engine, the generator shaft being attached to 
the crankshaft by bolted flanges. When this 
construction is used it is possible to omit the 
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front generator bearing. Various forms of 
coupling have been tried with the flexible- 
shaft design, and the best results so far have 
been obtained with the rubber buffer type, in 
which the turning effort of the crankshaft is 
communicated to the armature quill through 
compressed rubber balls. The field coils are 
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Fig. 11. Double-deck 64-passenger Mechanically-driven 
Motorbus Designed for Philadelphia Rural Transit Co. 
This was rebuilt by substituting electric for mechanical drive. 


asphaltum-treated and are thoroughly pro- 
tected from moisture and wear. The brush 
rigging and brushes are of the automotive 
type and are accessible. The motors are self- 
ventilated, having the same general electrical 
and mechanical features as the generator. 


ment of the same general mechanical and 
electrical characteristics is also available. 
The weight of the generator is 900 lb. and of 
the motors in the double-motor drive 445 lb. 
sach, the single motor weighing 750 lbs. 

For normal operation in city traffic where 
no steep grades are encountered, the control is 
by foot-accelerator, which acts upon the 
throttle. Under these conditions the control 
is simple and automatic. As it is necessary, 
however, to reverse the motorbus at times and 
to provide for grades and electric braking, a 
controller is required. This is a simple device, 
with the latest forms of fingers and drum, and 
is operated by a lever near the driver’s seat. 

Fig. 14 shows a form of this controller, and 
the connection diagram, Fig. 15, gives an idea 
of the combinations that can be obtained with 
single- and double-motor equipments. The 
series connection has been added to yive 
higher tractive effort on steep grades. Moder- 
ate grades can be negotiated with the control- 
ler in the parallel position. The electric drive 
also allows braking by the controller. This 
originally was intended only to relieve the 
brake-linings and drums of undue wear when 
descending long and steep hills, but it has 
been found to be an effective form of emer- 
gency brake. The operation of the brake is 
shown in the diagram at the right of Fig. 15, 
and amounts to placing the motors in the 
reverse position in the circuit with the gen- 
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Fig. 12. General View of Power Plant of Motorbus No. 102 


Motor and generator capacity were designed to utilize the 
output of the 6-cylinder 4 by 6-in, gasoline engine. 


Double motor drive was specified by the 
Philadelphia Rural Transit Co. for Motorbus 
No. 102. This motor is mounted directly on 
the heads, the magnet frame is cylindrical 
throughout and the windings are self-ven- 
tilated. The arrangement of the motors is 
shown in Fig. 13. Single-motor driving equip- 


erator and resistance inseries. Until the engine 
speed has been increased, it is, therefore, regen- 
erative; thereafter, the action tends to reverse 
the motors. Various arrangements as to the 
location and the operation of the control have 
been tried, but these are a detail that depends 
somewhat on the design of the chassis. 


616 September, 1925 


The wiring of the electric-driven equip- 
ment is comparatively simple, fuses of high 
ampere capacity being placed in the motor 
circuits. These fuses protect the electrical 
equipment from continuous overload and pro- 
vide means for opening the motor circuit on 


Fig. 13. Chassis of Philadelphia Rural Transit Com- 
pany’s Bus No. 102, Showing Arrangement of 
Generator and Motors 


The weight of the generator is 900 lbs. and of the motor 445 
lbs. each. 


the road, if desired. In the case of the 
double-motor drive, one motor can be cut out 
by removing the fuse. 


Single Versus Double Motor Drive 

Fig. 13 shows the design of the chassis of 
motorbus No. 102, as built for the Philadel- 
phia Rural Transit Co. It will be noted that 
this motorbus has the double-motor drive, 
which brings up the subject of single versus 
double motors for propulsion. Each, un- 
doubtedly, has its good features. The single 
motor is lighter for a given chassis, is mounted 
more easily in the frame, can be employed 
with the standard rear-axle and differential, 
and involves less expense than the double- 
motor equipm These seemingly impor- 
tant advantages are offset in the opinion of 


GENERAL ELECTRIC REVIEW 


Vol. XXVIII, No. 9 


many engineers and operating men, by the 
advantages of the double-motor drive in 
reducing the diameter of the driving motors, 
in allowing a lower platform and in the ability 
of the two-motor drive with the motors in par- 
allel to move the driving-wheels, somewhat as 
if a locked differential were used. Such a rear 
axle is shown in Fig. 16. 

Motorbuses, particularly in city traffic, 
must run close to the curb to accommodate 
passengers; and at such times it has been 
found that the inner and outer driving-wheels 
do not always have the same road conditions, 
so that one may be held and the other may 
spin without moving the motorbus. This 
difficulty does not occur with the double- 
motor drive. It has also been found that the 
double-motor drive reduces the skidding 
effect under slippery conditions; and this in 
itself is an important factor in the safe trans- 
portation of passengers in thickly congested 
traffic. 

With the electric drive, it is possible to use 
higher ratios of reduction in the rear axle than 
with the mechanical drive, for the armatures 
of the motors can be run independently of the 
engine speed. The ratios commonly used 
vary from 9 to 1 to 13 to 1, the former being 
used in suburban and the latter in city work 


Fig. 14. Controller Used in Motorbus No. 102 


Equipped with the latest forms of fingers and drum and 
operated by a lever from the driver's seat. 


and in heavy traffic. The armatures are de- 
signed to operate safely at the rotative 
speeds caused by the high ratios of reduction. * 


Engines 

During the last few years, the tendency has 
been to increase the power of motorbus 
engines of both the four- and the six-cylinder 
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types, the latter being used in a number of 
instances. This increase of power applies to 
both mechanically- and _ electrically-driven 
buses and represents an advance in the art. 
When four- or six-cylinder engines are used, it 
is desirable to have a certain amount of 


Preverse 


Reference to Table 1 shows that the weight 
of the double-motor bus was only 347 lb. in 
excess of the standard DeDion bus with 
mechanical drive; whereas, the single-motor 
bus actually weighed less than the DeDion- 
Bouton. 


This comparatively small difference 
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Fig. 15. Single- and Double-motor Connections of Controller 


Left: Single motor. Right: Doublemotor. Right-hand view 
also shows the connections for electric braking. 


excess power, regardless of the type of drive. 
It is generally considered that the overall 
efficiency of the electric is lower than that of 
the mechanical drive, but this difference is 
more than offset by the fact that the engine 
of an electrically-driven motorbus can be 
operated at all times at the most efficient 
point on the brake-horsepower curve, a thing 
that cannot be done with the mechanical 
drive because it has a fixed ratio of reduction. 


Fig. 16. Rear Axle Arranged for Double-motor Drive 


The advantages of this drive are the smaller diameter of the 
driving motors, lower platform and the ability of the two-motor 
drive, with motors in parallel, to move the driving wheels inde- 
pendently. 


Generator and Motor Mounting 

The mounting of the generator and the 
motors, in the many cases that have been 
worked out, has been found to be compara- 
tively simple, requiring little alteration of the 
standard motorbus chassis. 


was partly due to the special design of the 
electric-driven chassis, as the weight of these 
chassis actually increased 710 and 570 lb. 
respectively because of the use of electrical 
equipment. 

From the experience with the various elec- 
tric-drive problems so far encountered, it 
appears that the speed and load obtaining in 
motorbuses of today require a somewhat 
definite amount of weight in the chassis for 
strength, regardless of the form of drive used. 
It is the opinion of the writer, however, that 
with the electric drive the weight of the frame 
and the chassis can be reduced owing to the 
continuous effort of the electric motor. This 
can be illustrated in a simple way by an 
hydraulic analogy, Fig. 17. Here the two 
explosions per revolution of a four-cylinder 
gasoline engine are compared with the many 
impulses of the electric motor. In one case, 
the turning-effort is highly intermittent; in 
the other, it is almost continuous, being repre- 
sented by sine curves. The impeller wheels 
and nozzles illustrate the comparison. 

Weight is governed largely by what it is 
desired to accomplish and cannot be con- 


618 September, 1925 


sidered in the abstract. The weight of motor- 
bus No. 102 with electric drive, for example, 
is 213 lb. per passenger, whereas the weight of 
a steel Pullman sleeper is nearly 5000 lb. per 
passenger. A comparison of the costs per 
passenger in these cases shows $172 in the 
former, as against $1333 in the latter. The 
weight and cost of vehicles must clearly be 
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Fig. 17. Hydraulic Analogy of the Turning Efforts of 
Four-cylinder Gasoline Engine and Four-pole 
Electric Motor 


In one case the turning effort is intermittent: in the other, 
practically continuous. 


measured by the requirements of the problem 
and from the standpoint of the return on the 
investment. These points should be kept in 
mind when comparing transmissions of vari- 
ous kinds. 


Performance Data of Philadelphia Motorbuses 

The performance of the electric-driven 
motorbus No. 102 in Philadelphia in the last 
11 months has from the beginning attracted 
the attention of automotive engineers and 
motorbus builders. Already a number of the 
latter have installed electric-driven, equip- 
ment in their standard chassis for experi- 
mental purposes, and others are preparing to 
do so. Several motorbuses have already been 
completed and tested on the road, and the 
results so far obtained have not only been 
encouraging, but have led to the placing of 
definite orders for electric-driven equipment 
by a number of public utility companies. As 
these events are so recent, the only extended 
service report that can be made at this time 
must relate to the Mitten Management 
Motorbus No. 102. An initial order for 
215 of these motorbuses was placed by 
the Mitten Management early in November, 
1924, and form part of a plan involving a 
total of 700. 

The standard Philadelphia Rural Transit 
chassis, complete with a 65-passenger double- 
deck body, weighs 15,036 lb., while motorbus 


GENERAL ELECTRIC REVIEW 


Vol. XXVIII, No. 9 


No. 102, which is identical with it except for 
the substitution of the electrical for the 
mechanical drive, weighs 16,760 lb., an increase 
of 1724 1b. No attempt was made to modify 
the chassis except to change from the gearbox 
to the generator and the motors. The engines 
of these motorbuses were found by dyna- 
mometer test to be identical in output. 

Attention is called to the acceleration curve 
shown in Fig. 10, which was prepared from 
road tests made on Aug. 13, 1924. Sixteen 
acceleration tests of motorbuses Nos. 102 and 
103 were run side by side over the same 
course and under the same conditions, except 
that a more skilful driver operated the 
mechanically-driven motorbus. These tests 
showed that motorbus No. 102 led motorbus 
No. 103 nine times by from one-quarter to 
one-half a bus-length, on four runs the two 
machines showed equal acceleration, and on 
three runs the mechanically-driven bus led 
slightly. 

A service test was made over a regular 
course of 4.2 miles, each motorbus operating 
under like conditions, with the results given in 
Table 2. All stops were of 10-sec. duration. 

Fuel tests were then run and indicated a 
mileage for motorbus No. 102 of 4.7 miles per 
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Fig. 18. One of the 215 Double-deck Electric-drive 
Yellow Coach Motorbuses Built for the 
Philadelphia Rural Transit Co. 


These buses have a higher free-running speed than the No. 
102 motorbus, being equipped with larger engines. 


gal. as against 3.9 miles per gal. for the 
mechanically-driven motorbus, the latter 
being an average based upon several months’, 
operation. Motorbus No. 102, over a period 
of 11 months, part of the time on a regular 
schedule of 190 miles per day, has shown a 
fuel consumption of about 4 miles per gal. in 
each case. 
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Comparative engine-revolution tests were 
made over the route, 4.2 miles, on a 12-stop 
schedule, a counter being attached to each 
crankshaft. This showed 19,906 engine 
revolutions for the mechanical drive and 
17,201 for the electrical, a difference of 2705 
revolutions in favor of the electrical. The 
same test was repeated with 36 stops, the 


TABLE II 
MOTORBUS SERVICE TESTS 


TIME OF TRIP, MIN. SEC. 
Number of Stops 


Mechanical Drive Electric Drive 


13 15—29 14—28 
19 17—48 16—46 
38 25—31 23—43 


engine revolutions being 25,664 and 21,240, 
respectively, a difference of 4424 revolutions 
in favor of the electric drive. 

The results so far discussed refer to equip- 
ment designed to operate at comparatively 
low engine speeds. From the standpoint of 
acceleration and motorbus performance, how- 
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Fig. 19. Sustained Speed Curves of Yellow Coach 
Electric Drive Motorbus No. 985. 


Wheel diameter 34in. Ratio of reduction11:1. Total weight 
as tested: 18,800 lb. 


ever, a higher engine-speed will give better 
results, but at the cost of greater wear and 
tear on the engine and increased fuel-con- 
sumption. But it is expected in either case 
that the constant-output operation of the 
engine with electric drive will show greater 
life and less maintenance of the engine and 
the chassis. 


The order for 215 electric-driven motor- 
buses placed with the Yellow Coach Mfg. Co., 
of Chicago, covered both double- and single- 
deck motorbuses. One of the double-deck 
type is shown in Fig. 18. The first chassis was 
completed in February of the present year. 
After a period of running-in, a series of road- 
tests was made, the results of which are 
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Fig. 20. Acceleration Curves of Yellow Coach Electric 
Drive Motorbus No. 985 
Conditions of load and test the same as for Fig. 19. 


shown in the curves reproduced in Figs. 19 
and 20. These are similar to those of the 
Philadelphia test, but have a higher free- 
running speed, owing to the use of the larger 
engine shown in Fig. 21. The test load was 
1000 lb. greater than in the case of the original 
Philadelphia Rural Transit chassis No. 102. 


Other Applications of the Electric Drive 

Early in March of this year the Fageol 
Motors Co., of Oakland, Cal., and Kent, Ohio, 
completed a single-deck motorbus of the type 
illustrated in Fig. 22, equipped with the same 
electric drive and having an overall weight of 
14,280 lb.. This was given a trial road-run 
over the Lincoln Highway from Kent, Ohio, 
to Pittsburgh, Philadelphia, New York City 
and Albany, N. Y., a distance of 650 miles. 
This motorbus reached its destination on 
March 3; since that time it has been used by 
the Capitol District Transportation Co. on 
routes in that city. The cross-country run 
referred to included heavy grade climbing 
over the Allegheny and Blue Ridge Moun- 
tains, grades 10 miles in length and averaging 
12 per cent being negotiated without diffi- 
culty. The electric brake was used success- 
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fully in descending. On the level the maxi- 
mum road speed was 40 m.p.h. The total 
running time for the entire trip from Kent, 
Ohio, to Albany, N. Y., was 35 hr. 20 min., an 
average speed of 18.5 m.p-h. Although this is 
considered only a short-run, the fuel con- 
sumption was 4. miles per gal. No additional 
engine oil was required. 

In Albany, the Fageol motorbus, having a 
total weight of 18,000 lb., was tested success- 
fully over grades of 9.8 per cent, at a speed of 
9 m.p.h. The Fageol Motors Co. is now 
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ever, possess many other advantages that 
have been found to exist in electric-driven 
motorbuses, such as freedom from shock in 
starting and stopping, simplicity of control 
and durability of electrical equipment. Fur- 
thermore, it was reported that the engines of 
the electric-driven Fifth Avenue motorbuses 
could be run for a much longer period without 
overhauling than could engines of the same 
type in motorbuses equipped with mechanical 
drive. The electric-driven system not only 
retains all the good features of the early elec- 


Fig. 21. Automotive Generator with Exciter Direct-connected to 
Gasoline Engine 


The generator is rated at 125 volts, 200 amp., at 1200 r.p.m. 
The engine is the 6-cylinder, 414 by 5!4 in., model YZ sleeve 


valve type. 


building 34 electric-driven buses, 19 being for 
the Capitol District Transportation Co., of 
Albany, N. Y., and 15 for the Georgia Rail- 
way Light & Power Co., of Atlanta, Ga. 

A single-deck electric-driven Yellow Coach 
motorbus was recently run from Albany, 
N. Y., to Boston, and was demonstrated ina 
number of cities in eastern Massachusetts, 
Rhode Island and Connecticut, before making 
the run to Philadelphia. It aroused much 
interest and enthusiasm among public utility 
men wherever it was shown. This test has 
just been completed and data are not yet 
available. 


Advantages of the Electric Drive 

The survival of the electric drive depends, 
like all other things, upon its fitness for the 
purposes intended. To exist, it must demon- 
strate its superiority over the mechanical 
drive under service conditions. 

A study of the test and operating records of 
the many electric-driven road vehicles built 
prior to 1924 shows that these were not equal 
to similar vehicles equipped with mechanical 
drive in the matter of acceleration, speed on 
grades and fuel economy. They did, how- 


tric drives but, at the same time, presents a 
number of advantages that are particularly 
important when considered in connection 
with modern transportation demands and 
increasing traffic congestion. 

The principal criticisms that have been 
raised against the electric drive by those who 
have not had an opportunity to study the 
actual operation of the system are the increase 
in weight and cost, and the lower overall 
efficiency of transmission on direct drive. 
Although all these are true and, in the 
abstract, appear to be important factors, they 
are outweighed by the other considerations 
that already have been demonstrated. 

It has been maintained that the mechanical 
transmission in high gear with the direct drive 
is much more efficient than with the electric 
drive, but experience has shown that, in city 
traffic with a heavy schedule, it is not so much 
a question of efficiency in free running as in 
starting and acceleration. Here the electric 


drive has the advantage even with somewhat ~ 


greater weight. In a comparison made in 
Philadelphia during the last 12 months be- 
tween motorbus No. 102 with the electric 
drive, and motorbus No. 103 with mechanical 
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drive, it was found that the electric-driven 
motorbus could cover the route in 20 per cent 
less time. This was due to the smooth and 
continuous acceleration characteristic of the 
electric drive, which is inherent, automatic 
and independent of the will of the driver, who 
simply opens the throttle fully by depressing 
the accelerator. Skill and experience on the 
part of the operator are important factors 
when it is necessary to operate a clutch and 
change the gears. Another advantage of the 
electric drive is the fact that it is impossible 


day’s run of 180 miles, the driver of a motor- 
bus equipped with mechanical transmission 
is called upon to make several thousand gear- 
shifts, which are not only fatiguing, but reduce 
his efficiency and alertness and tend to in- 
crease the running-time of the motorbus. 
With the electric drive, the only lever used for 
normal operation is the foot accelerator, 
operating on the throttle of the engine. All 
these are vital points from the standpoint of 
safety of operation. The objection of higher 
cost, which is sometimes raised, is more than 


Fig. 22. Fageol Single-deck, Double-motor Electric-drive Motorbus 


This motorbus has an overall weight of 14,280 lbs. 


for the operator to race or to stall the engine, 
so long as it is in operating condition and fuel 
is provided. This is governed by the droop- 
ing characteristic of the generator. 

Tests so far indicate that, in the matter of 
fuel consumption, little difference exists in 
the bus-miles per gallon. The limited engine- 
speed common to the electric drive should, in 
the long run, show a lower gasoline and lubri- 
cating-oil consumption. With the smooth 
operation and quiet running of the electric- 
driven motorbus, because of the continuous 
torque feature of the motors and the gen- 
erator, every reason exists for believing that 
the cost of maintenance will be considerably 
lower than that of a mechanical drive. 

Other advantages of the electric drive are 
freedom from clutch and gear-shifting, which 
momentarily distract the attention of the 
driver when running in heavy traffic. It isa 
matter of easy computation to show that, ina 


offset by the ability of the electric-driven 
motorbus to cover a given schedule more 
quickly than can be done with the mechan- 
ically-driven motorbus when operated by an 
average driver. As in all commercial prob- 
lems, it is the question of interest on the 
investment, not of first cost, that counts, so 
that, if the electric-driven motorbus can 
cover a given schedule in shorter time with 
greater comfort and safety to passengers, 
making it a more desirable means of trans- 
portation, it is clear that a motorbus with this 
form of transmission will cover more miles per 
day per dollar invested. It is simply a ques- 
tion of giving the kind of service that is 
demanded by the public, not one of weight, 
cost, or overall efficiency of the drive in high 
gear. It is safe to predict that the use of 
electricity in conjunction with the internal- 
combustion engine will henceforth play an im- 
portant part in the propulsion of motorbuses. 
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Study of Time Lag of the Needle Gap 


By K. B. McEacuron and E. J. WADE 


LIGHTNING ARRESTER ENGINEERING DEPARTMENT, GENERAL ELECTRIC COMPANY 


In these days of radio we have learned to talk fluently of frequencies in the millions of cycles per second, 
but we have by no means as clear a conception of the enormous magnitude of their rates of change. Toa 
Frenchman, M. Dufour, belongs the credit of devising an oscillograph which is actually capable of recording 


in photographic form electric oscillations having frequenci 


es of 200,000,000 or more cycles per second. That the 


Dufour oscillograph is an instrument of extraordinary value is brought out by the work done with it by the 
authors of the present article, in their researches on the time lag characteristics of the needle gap. This work 
is of particular importance in that it provides the lightning arrester engineer with a powerful new aid in the 
study of insulation behavior under the conditions imposed by transient phenomena. This article was given 
as a paper before the annual convention of the American Institute of Electrical Engineers, in June of this year. 
We call attention to it not only because it is an interesting example of what science can do in the realm of 
infinitesimal dimensions, but especially because with it the authors have made a very significant contribution 
to the important subject of transmission line protection.—EDITOR. 


The Study of Transients 

One of the most difficult and perhaps also 
one of the most fascinating problems which 
the electrical engineer of today is called upon 
to study is that of the transient phenomena 
occurring in electrical circuits. Failure of 
apparatus, caused by the puncture or flash- 
over of insulation due to overvoltages, the 
duration of which may be of the order of a few 
micro-seconds, has made desirable the use of 
lightning arresters which limit the voltage to 
safe values. Since in practice many of the 
steep front traveling waves are the result of 
the sudden releasing of a bound electrostatic 
charge, lightning arrester laboratories have 
used the discharge of a suitable condenser to 
simulate the actual line condition. For this 
purpose, and for the study of the action of 
insulation and gaps, impulse generators have 
been built which may be charged to values as 
high as 2,000,000 volts. 

The calculation of such transients is not 
troublesome so long as the voltage is low and 
the wave front not too steep. However, with 
the higher voltages and very steep wave 
fronts, assumptions are often made, the cor- 
rectness of which is at least open to question. 
The sphere gaps which are used are assumed 
to be instantaneous, and the resistance of the 
gap after arc over is assumed to be negligible. 
The inductance and capacitance of the con- 
necting leads is often neglected, while the 
influence of the test piece itself on the wave 
shape is frequently unknown. The circuit 
usually comprises loops which anyone familiar 
with radio knows are likely to mean coupling 
that may give rise to erroneous results. 

The limitations and some, at least, of the 
possible sources of error involved in the use of 
the impulse generator have been recognized 
by lightning-arrester engineers for some time. 
Three years ago the authors began to search 


for means of recording, on a photographic 
film, transient phenomena the frequency of 
which might be a million cycles per second or 
more. Asa result of this search of the litera- 
ture, the device described in this article was 
found. 


Oscillographs 

The frequency limit of the ordinary Duddell 
oscillograph is in the neighborhood of 15,000 
cycles. At this frequency the errors due to 
mechanical inertia are large and it is impos- 
sible to do more than count the cycles; the 
wave form cannot be distinguished. 

A satisfactory oscillograph for the delinea- 
tion of the volt- or current-time characteristic 
of a short-time transient must satisfy the 
following conditions. 

1. The device must have no appreciable inertia 
and must be capable of operating at a frequency of 
at least one million cycles per second. 

2. The device must use little energy in its opera- 
tion, so that its use will not appreciably disturb the 
original circuit. 

3. The device should be capable of registering 
both voltage and current simultaneously. 

4. The apparatus must be so arranged that a 
single impulse will be sufficient for a satisfactory 
photographic impression. 

5. The oscillograph should be as simple as 
possible and have sufficient accuracy so that the 
results may be used with confidence. 

The first point can be satisfied only by 
some device using the flow of electrons. When 
thinking of the available devices making use 
of such a flow, one naturally turns to the 
Braun tube which has been used for many 
years as an oscillographic device. As origi- 
nally developed, the Braun tube consisted of a 
cathode and an anode in an exhausted tube; 
together with a fluorescent screen. Unidirec- 
tional voltage from a static machine causes a 
flow of electrons from the cathode to the 
anode, some of which pass through a small 
hole in the anode and are deflected by mag- 
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netic or electrostatic fields produced by the 
phenomena being studied. The rays then pass 
on to the fluorescent screen where a graph is 
traced the codrdinates of which are determined 
by the deflecting fields. Ifthe phenomenon re- 
peats itself, the graph appears as a stationary 
pattern, and may be recorded photographically 
using an exposure of several seconds. 

The Braun tube has negligible inertia, and 
very little energy is required to cause the 
deflection of the cathode beam. Its speed is 
the speed of the electron which may be 
varied between quite wide limits especially if 
using a heated cathode as in the Western 
Electric tube. The upper limit of velocity 
is perhaps one-half that of light. 

The fourth condition mentioned, that of 
recording a single impulse, may be satisfied 
by placing the photographic film inside the 
tube in such a way that the electron stream 
impinges directly on the film. This has been 
done by several investigators with marked suc- 
cess. Some additional photographic effect can 
probably be obtained by the use of the heated 
cathode, but to get high electron velocities a 
very good vacuum is required which makes 
the operating technique more difficult. 

Many references have been found in the 
literature concerning the Braun tube and its 
uses. Most of this material has been the 
result of investigations done in foreign 
countries. All of the early work was done 
with fluorescent screens which limited the 
oscillograph to use with phenomena which 
could be duplicated, since the time of exposure 
was very long compared to the duration of 
most transient phenomena. 

S. R. Milnor®) in 1912 reported a volt- 
ampere characteristic of an arc at a frequency 
of two million cycles. This work was done 
with a cold cathode and a fluorescent screen, 
but he was able to make the phenomena 
repeat itself exactly. 

The first reference to the use of the photo- 
graphic film inside the tube appears in an 
article by Alexander Dufour® in 1914. He 
stated that he had obtained on a film a space 
of 1 millimeter corresponding to an interval 
of time of one three-millionths of a second. 
Dufour succeeded in doing this by the use of a 

(@) J. B. Johnson, Journ. Am. Opt. Soc. and Review Opt. 
Inst., Vol. 6, pg. 701, Sept. 1922. 

@) Ss. Re Mine. Phil. Mag. Vol. 24, pg. 709, 1912. 

(3) A. Dufour, Comb. Rend., Vol. 158, pg. 1339, 1914. 

(4) Engineering, April 25, 1919, pg. 543. 

(5) A. Dufour, L'Onde Electrique, ey 1922, Vol. 1, pg. 
aati D. A. Keys, Phil. Mag., pg. 473, Oct. 1921. 

(7) H. J. Ryan, A.J.E.E. Trans., Vol. 20, pg. 1417, 1903. 

(8) A. B. Wood, Phys. Soc. of London, Dec. 18, 1922. 

(9) J. P. Minton, A.I.E.E. Trans., Vol. 34, pg. 1115, 1915. 


(Qe) E. Le Chaffee, American Academy of Sc., Vol. 47, Novem- 
ber, 1911. 


method of registration which is described 
more in detail later in this paper. 

In 1919, Sir J. J. Thompson™ in a lecture 
before the Royal Institution stated that, 
when using a hot cathode with the film inside 
the tube, an exposure of one-hundred thou- 
sandth of a second would be sufficient to excite 
the photographic plate. This reference also 
mentions the use of an auxiliary deflecting 
alternating current which produces the time 
axis and which could also be used for timing 
the phenomena. 

In a valuable contribution appearing in the 
L’Onde Electrique in 1922 Dufour™ describes 
a cathode ray tube which he used successfully 
with transients up to a fundamental fre- 
quency of 750,000 cycles with harmonics 
showing plainly at a frequency of 3,000,000 
cycles. To produce a time axis, Dufour used 
the rise of current in an inductive circuit to 
draw out continuous oscillations from an arc 
generator. He used a cold cathode with the 
photographic plate inside the tube, the tube 
being connected to a continuously operating 
air pump. This apparatus was used in study- 
ing the antenna currents in the wireless sys- 
tem on the Eiffel Tower. 

In 1921, Dr. D. A. Keys, in an’ article 
entitled, A Prezoelectric Method of Measuring 
Explosion Pressure, used a cathode oscillo- 
graph as the indicating device for the deter- 
mination of instantaneous pressures in explo- 
sions under water. In this work Dr. Keys 
used a heated cathode with the photographic 
plate inside the tube. 

In 1922, Johnson“ described a_ tube 
developed by the Western Electric Company, 
which makes use of the hot cathode. This 
tube has a much higher sensitivity than the 
cold cathode tube used by Dufour. With any 
given tube the sensitivity depends on the 
speed of the electrons in the cathode stream 
and on the deflecting force. If high sensitivity 
is required, the use of the heated cathode will 
give very good results as it is possible to apply 
low cathode voltages and secure slow moving 
electrons. Since the cold cathode depends on 
positive ion bombardment for the liberation 
of electrons, quite high voltages are necessary, 
which means high velocity electrons. 

The name of Professor Harris Ryan has 
been associated with the cathode ray oscillo- 
graph for many years, he having had a paper 
on this subject before the American Institute 
of Electrical Engineers, as early as 1903. 

Important work has been done by several 
investigators among whom may be mentioned 
Wood,® Minton,® and Chaffee,“ but 
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enough have been mentioned to indicate the 
development of the cathode ray oscillograph 
in recent years. 


The Dufour Oscillograph 

For the study of high-speed transients then, 
it appears that no better device is available 
than the oscillograph developed by Dufour. 


Fig. 1. Dufour Oscillograph 


In the description of this oscillograph which 
follows, the tube itself is identical with that 
described by Dufour. The switching 
apparatus furnished by Dufour has not been 
used in this investigation. 

Referring to Fig. 1, the oscillograph consists 
essentially of glass tubes a and ), fitted by 
means of a ground joint into the bronze 
chamber c. The upper glass tube a carries the 
cathode and anode. The tube b has one pair 
of deflecting plates for electrostatic deflection 
of the electron stream. For magnetic deflec- 
tion two sets of coils, 1—1 and 2—2 (Fig. 2), per- 
pendicular to each other, are placed external 
to the tube and located slightly below the 
deflecting plates. The coils are arranged so 
that they may be rotated about the axis of the 
tube, thus allowing adjustment of the angle 
between the axes of the deflecting fields. 

To operate the oscillograph expeditiously, 
easy means must be provided for changing 


(41) For a description of this part of the apparatus reference 
should be had to the work of Dufour. ; 
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films quickly. It is also necessary that a 
fluorescent screen be arranged so that it can 
be removed when making an exposure. How 
this is done in the Dufour oscillograph may 
be seen by referring again to Fig. 1. The 
drum, which in the illustration appears in the 
foreground, is provided with a film magazine 
which allows six films to be taken in succes- 
sion. When viewing the phenomena, a 
fluorescent screen is turned up into position 
covering the opening into the interior of the 
drum so that the films are not exposed when 
using the screen. After placing the films in 
the drum, it is placed inside the bronze cham- 
ber and locked in position. The opening is 
closed by a door having a very carefully con- 
structed joint so that the tube may be made 
air tight. Three cocks, turning in ground 
joints placed in the door, serve to operate the 
mechanism for changing films and moving 
the fluorescent screen. Two glass windows, 
one on either side of the bronze chamber, per- 
mit of easy view of the fluorescent screen. 


Cathode 


ae oF 


Photographic 
Film 


Fig. 2. Diagrammatic Representation 
of Oscillograph Operation 


Operation of the Oscillograph 

For slow speed work a moving drum to take 
the place of the magazine drum may be used. 
This drum is driven by means of an external 
motor and magnetic clutch. A simple calcu- 
lation shows that such a drum cannot be 


STUDY OF TIME LAG OF THE NEEDLE GAP 625 


rotated at a sufficiently high velocity to draw 
out the oscillations so that they may be 
studied. To draw out a one million-cycle 
wave in a manner similar to that used with the 
ordinary Duddell oscillograph, so that two 
millimeters are allowed per cycle, would 
require a film velocity of 2000 meters (6650 
feet) per second. 

This problem has been solved by Dufour in 
a very satisfactory manner. Rather than 
move the film, the electron stream is sub- 
jected to the action of auxiliary fields which 
draw out the wave without the limitations of 
a mechanical system, as shown in Fig. 2. The 
method by which this is accomplished may 
be understood by reference to Fig. 3. In [ is 
shown the effect of passing a transient current 
through coils 1—1. With the proper circuit 
arrangements the beam is held off the film at 
the top until ready for the photograph to be 
taken, when a transient takes place which 
sweeps the beam across the film holding it off 
the film at the bottom. This transient current 
will be referred to as the sweeping current. 

A source of high frequency (a vacuum tube 
oscillator) is connected to coils 2—2, which are 
mechanically spaced 90 deg. from coils 1—1. 


Fig. 3. Method of Registering Transient 


Phenomena 
I. Sweeping III. Sweeping and Oscillator 
II. Oscillator IV. Transient superimposed on III 


With coils 2—2 energized, the oscillator traces 
a straight line on the film, the amplitude 
usually being adjusted to utilize the entire 
width of the film. When coils 1—1 and 2—2 
are operated together the oscillator waves are 
drawn out asseeninIII. If the oscillator fre- 
quency is 50,000 cycles and the effective width 


of the film 100 m. m. (3.9in.), then the average 
distance corresponding to one micro-second 
would be 10 m. m. (0.39 in.). This means 
that if a million-cycle wave was impressed on 
the deflecting plates so that the beam was 
deflected thereby in the same direction as by 
the sweeping current, it would be drawn out 
sufficiently so that the wave form could be 


Fig. 4. Impulse Generator 


determined and IV shows the effect of the 
combination of the three fields. The oscillator 
wave is the zero line for the transient being 
studied and it is a time axis whose unit of 
measure is varying according to the sine law. 
The speed of sweeping is always a compromise 
between drawing out the oscillator wave and 
the difficulty of getting the unknown phe- 
nomena timed so as to appear on the film. 
With much slower speed phenomena, the 
sweeping field may be placed 90 deg. from 
that of the unknown transient, so that the 
time axis becomes a straight line across the 
film. This axis may be conveniently cali- 
brated by superimposing a known high fre- 
quency using the oscillator coils. 

Thus it is possible to get volt-time or 
ampere-time curves with a time axis which 
can be calibrated with considerable accuracy. 
Volt-ampere characteristics may be taken by 
applying to the cathode stream, fields propor- 
tional to the voltage and current and spaced 
90 deg. apart. 
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The Cathode Stream 

The best registration on the film is obtained 
when conditions are such that a fine pencil of 
rays strikes the film only when required. Not 
only is it desirable to hold the rays off from 
the film before and after the transient, but the 
operation of the tube is much improved if the 
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Fig. 5. Connection Diagram 


cathode voltage is applied for just sufficient 
time to allow the proper registration of the 
unknown transient. 

For a given voltage impressed on the 
cathode the sharpness of the trace on the film 
will depend on the degree of exhaustion of the 
tube. For the work described in this article 
the authors have used a Langmuir condensa- 
tion pump,“ backed up by a two-stage oil 
pump. A McLeod gage was used to give an 
indication of the condition of the vacuum but 
the appearance of the spot on the viewing 
screen and the character of the discharge from 
the cathode itself, as viewed with the eye, 
gives a more accurate determination of the 
proper operating condition. A small tray of 
phosphorous pentoxide was kept inside the 
vacuum chamber which served to keep the 
vapor pressure low. The entire tube is 
always kept in the evacuated condition except 
when actually changing films. This pro- 
cedure aids in keeping the gas evolved by the 
walls of the tube down to a sufficiently low 
value so that the tube can be worked easily 
and quickly. 

The necessary cathode potential may be 
obtained by the use of either a high voltage 


(2) Described in Dec., 1916, issue of GENERAL ELECTRIC 
EVIEW; page 1060. 
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direct current, or a few degrees of the crest of 
an alternating potential. The latter method 
may only be used with phenomena which are 
fast compared to the change of potential 
during its registration. This method was 
mentioned by Dufour as being particularly 
adapted to the study of very short time tran- 
sients, and as this method is very convenient 
it was adopted for use in this study of gap 
characteristics. 


Timing the Transient 

The spot made on the photographic film by 
the electron stream may travel as fast as 80 
km. (50 mi.) a second across the film; and | 
since it is not feasible to get a developed 
registration length of more than 10 or 12 
meters (32.8 to 39.2 ft.) on the film, the 
transient must be initiated during the very 
short interval of time in which the spot is 
sweeping across the film. 

A rotary switching device has been built 
which makes the necessary contacts so that 
voltage is applied to the cathode, the sweeping 
started and the unknown phenomenon so 
timed as to appear on the film. The oscillator 
is connected before voltage is applied to the 
cathode, and remains connected until after 
the exposure has been made. The arrange- 
ments are such that only the pushing of a 
button is required to set in operation a 
mechanism which makes all connections auto- 
matically. 


t 
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Fig. 6. Dividing Condensers and Test Needle Gap 


Time Lag of Needle Gaps 

It is known that a needle gap shows con- 
siderable lag when subjected to steep wave 
front impulses. The brief study which is pre- 
sented herewith measures definitely the lags 
encountered under the given conditions. The 
results are not complete, but do give for the 
first time, as far as the authors are aware, a 
direct measurement of lags as short as a few 
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micro-seconds. The methods used here are 
being applied to the study of the problems 
encountered in lightning arrester practice and 
will yield results of great importance. 

The time lag of a gap may be taken as the 
time elapsing until breakdown occurs during 
which the applied potential exceeds the low 
frequency spark potential. For a voltage 
only slightly in excess of the low frequency 
spark potential the time lag may be long, 
while with steep wave fronts of high voltage it 
will be extremely short. The lag with any 
given gap is determined not only by the volt- 
age at the time of spark-over, but also by the 
shape of the wave front used. 


group consisting of 50 plates in parallel, giving 
a capacity of 0.13 microfarads. The photo- 
graph (Fig. 4) shows the compact arrange- 
ment of the plates and the kenotron equip- 
ment which is used to charge the condenser. 
A connection diagram is given in Fig. 5 and 
shows the limiting sphere gap which deter- 
mines the voltage at which discharge will take 
place. The water tube resistance, Ri, allows 
the sphere gap to charge up properly, while 
FR» is used to control the wave front as will be 
shown later. The dividing condensers, C; and 
Cz, were used for reducing the voltage to the 
proper value for the deflecting plates on the 
oscillograph. The use of a resistance potentio- 


Fig. 7. Laboratory Set-up for the Study of Impulses 


The purpose of these tests is to find the 
effect of successive increments of overvoltage 
on the time lag. To avoid the complication of 
a sloping wave front, it was thought best to 
use as nearly rectangular a wave as could be 
obtained. It is impossible to produce a per- 
fect rectangular wave but if the time required 
for the voltage to reach a constant value is 
small in comparison with the time taken by 
the gap under test to spark over, the error will 
be negligible. 


Test Arrangements 

An impulse generator, which was built for 
use in connection with the testing of lightning 
arresters, was used as a source of voltage. 
This generator, which may be operated up to 
100 kv., consists of two hundred glass plates 
with tinfoil coatings. The plates are divided 
into four groups connected in series, each 


meter was considered, but if a value low 
enough to record the wave form accurately 
was used, it would discharge the condenser 
too rapidly so that the voltage applied to the 
needle gap would not be sustained. 

The oil-immersed dividing condensers are 
shown in Fig. 6, together with the needle gap 
being tested. These condensers consist of two 
fixed plates spaced 0.8 mm. (1/32 in.) with 
a movable third plate having a micrometer 
adjustment. The capacity of C, at the 
setting used on the tests was about 20 micro- 
microfarads. Variable stray capacities to 
ground and inductive effects between the 
condenser and the oscillograph were elim- 
inated by using a ground shield around the 
dividing condenser and by the use of a con- 
centric cable connection to the oscillograph. 
The grounded sheath of this cable was made 
of braided bronze wire, the inner conductor 
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being a fine manganin wire having a resistance 
of about 100 ohms. This resistance was used 
to damp out oscillations originating in the 
dividing condensers and lines. 

Voltage calibrations were obtained from 
capacity measurements, and more directly by 
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motion, combined with the horizontal motion 
of the oscillator. Superimposed is the dis- 
charge of the condenser which is initiated by 
the action of the rotating switch. 

On the oscillograms given in Fig. 8 will be 
found two sets of oscillations, the first being 
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Fig. 8. Oscillograms Showing the Wave Front Used on Needle Gap Tests 


taking oscillograms when holding a known 
60-cycle voltage on the dividing condensers. 

The general arrangement of the different 
elements used in taking a cathode ray 
oscillogram is shown in Fig. 7. The vacuum 
tube oscillator may be seen just in front of the 
oscillograph. The vacuum pumps are not visi- 
ble, being located under the table directly be- 
neath the oscillograph. The rotary switch is 
housed in the square box shown at the right. 
Between the rotary switch and the oscillograph 
are located the dividing condensers and the 
test needle gap. The entrance bushings back of 
the test gap lead to the 200-plate condenser, 
which is located close to the other side of the 
wall. When setting up this circuit, care was 
taken to make all connections as short and 
direct as possible. 


Wave Form 

Fundamentally, the circuit shown in 
Fig. 5 represents the discharge of one capacity 
into another with small series inductance and 
considerable series resistance. The circuit is 
of course complicated by the use of series gaps, 
wires leading to oscillograph, etc. With 
such a circuit, the series resistance R» will 
increase the time required to charge the 
capacity of the dividing condenser and con- 
nections. 

The effect of changing R, may be seen by 
referring to Fig. 8, which shows the wave 
fronts with three different values of resistance. 
The method of registration used is the same as 
that described in connection with Fig. 3 and 
consists in applying an upward sweeping 


damped out rather quickly. This oscillation, 
which has a frequency of approximately 
20,000 kilocycles, occurs when the rotating 
switch sparks and is followed by another when 
the limiting gap sparks. There is a certain 
variable time interval between the sparking 
of these two gaps. However, for the purpose 
of this article the wave to be studied is that 
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Fig. 9a. Oscillogram Showing the Time Lag of Needle Gap 
Film 543—Five tests on needle gap at 15 mm, 22 kv. 


found when the limiting sphere gap sparks. 
On each of these films time is measured along , 
an oscillator wave beginning at the time when 
the main condenser discharge begins. 

In making these tests the aim was to obtain 
a steep wave front but at the same time to pre- 
vent the voltage from over shooting. Film 
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300 (Fig. 8) shows the main transient rising to 
its maximum value in about 2.5 micro-seconds. 
Superimposed on this wave front are oscilla- 
tions which are made up of a combination of 
several frequencies. Film 300, which was 
taken with 1100 ohms in series, shows that 
none of the oscillations has a voltage ex- 
ceeding the maximum value of the main 
transient. 

The series resistance was reduced to 570 
ohms and film 3804 taken. This film shows 
that the main transient rises to its maximum 
in about 0.4 micro-second. This resistance is 
too small, however, as some of the crest values 
of the superimposed oscillation exceed the 
final voltage. 

A value of 700 ohms was chosen as being 
the best compromise between the steepness of 
wave front and the condition of over-shooting. 
Film 593 was taken, using this series resist- 
ance, and it was found that a time of one 
micro-second was required for the voltage of 
the main transient to reach its full value 
(marked a on the film). This film is interest- 
ing as it shows the sparking of a needle gap 
0.8 micro-second after full voltage had been 
applied. 


ime Lag of Needle Gap 
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Fig. 9b. Oscillogram Showing the T 

Film 558—Four tests on needle gap at 60 mm. spacing, 
58 kv.,50 ke. Timing wave. 


Results of Tests 

The time lags under most test conditions 
used exceeded two micro-seconds, which made 
the use of the oscillator undesirable except 
for timing purposes; therefore, nearly all 
results were taken with the sweeping only, as 
this allowed several exposures on one film. 


With six films and five tests per film, it was 
possible to get 30 tests before releasing the 
vacuum and changing the magazine drum. 
The use of the sweeping also gives a uniform 
time scale for the measurement of the lag. 

The results of nine representative tests are 
givenin Figs. 9aand b. As this type of oscillo- 
gram is probably new to most of the readers of 
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Fig. 10. Condition of Needles After Thirty Discharges 


a. New point b. Dulled point 
c. Extra sharp point 


this article, a brief explanation is given. The 
different tests are numbered in the order in 
which they were made. In the first test, for 
instance, which is at the bottom of the film, 
(No. 543), the cathode spot comes on the film 
from the left, being swept across the film at a 
uniform rate corresponding to 4.5 micro- 
seconds per mm. About 190 micro-seconds 
later the voltage is applied by the operation of 
the rotating switch. The cathode beam is 
deflected upward and traces a horizontal line, 
parallel with the zero axis, until after 140 
micro-seconds the needle gap under test 
breaks down and the cathode spot falls to zero 
and so continues, passing off the film at the 
right. Although the wave front in this film 
appears perpendicular, it is really as shown in 
Fig. 8, film 593. 

Four needle-gap breakdowns are given in 
film 558, Fig. 9b, the voltage being 5 kv. with 
a needle gap spacing of 60 mm. This film 
shows a 50-kilocycle timing wave which fixes 
the time calibration. Fig. 9a, Film 543 shows 
the result of tests on a 15 mm. needle gap with 
22 kv. applied. These oscillograms show very 
nicely the steepness of the wave front com- 
pared with the time lags; and also how well 
the cathode ray oscillograph is adapted to the 
study of short time phenomena. 
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Results obtained from a series of oscillo- 
grams for three different voltages and with 
different needle-gap spacings are given in 
Tables I to III. Tests were also made with a 
needle to a plane and between needles having 
different degrees of sharpness. A photomicro- 
graph is given in Fig. 10 showing the different 
needle points magnified to 30 diameters. This 
picture shows the condition of the needles 
after each had been given thirty discharges. 
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An analysis of the results given in these 
tables brings out certain relations which are 
briefly discussed. 

For eachvoltage used, the gap setting, corre- 
sponding to infinite lag, will be slightly above 
the 60-cycle setting for that voltage. As the 
voltage applied to the gap decreased about 
five per cent in 4000 micro-seconds due to 
leakage of the condenser, no attempt was 
made in these tests to get extremely long lags 


TABLE I 
TEST DATA—LAGS GIVEN IN SAME ORDER AS TESTS WERE MADE—VOLTAGE 22,000 


ae a (a) Nr PER CENT SPARKING (4) 
eerie tmospheric alibration Time Lagsin Se 
and “Conaitions co Micro-seconds ‘Av. | pist | 2nd | 3rd | 4th 
Paria oe Range | Range | Range| Range 
18.5 m.m. Bar. 29.03 in. 18.5 |354-710-354-222-205 |Max. 850) 48 30 0 22 
Needle Gap | Temp. 21.5 deg. C. 112—205-615-298-850 |Min. 55 
93-760-205-205-— 55 |Av. 323 
240-—280-850-— 75- 75 
370— 93-175 
15 m.m. Bar. 29.03 in. 4.5 |140-— 19- 25-210— 13 |Max. 280} 32 18 26 24 
Needle Gap | Temp. 22 deg. C. for 120— 27-— 18— 50- 34 |Min. 13 
1st 34 tests. 120-100-— 73- 18- 18 |Av. 132 
Rel. humidity 22 per cent 18—145-160-170 
Bar. 29.3 in. 272-236-244—-226-226 
Temp. 18 deg. C. for 280-122-—258-—240-218 
next 10 tests. 140-140-— 23-172-191 
Rel. humidity 55 per cent 145-— 23-204— 18-272 
Bar. 28.5 in. 23-245-145-— 45-136 
Temp. 21 deg. C. for 222-182-182-163-172 
last tests. 
Rel. humidity 28 per cent 4.5 181— 90- 14-136— 41 |Max.272| 17 33 20 30 
15 m.m. Bar. 28.5 in. 75-115— 81-213-107 |Min. 14 
Needle Gap | Temp. 18 deg. C. for 100—127—226-204-236 |Av. 147 
Extra Sharp| Ist 10 tests. 23-— 27-272— 23-250 
Points Rel. humidity 55 per cent 264— 82-240-136-226 
Bar. 28.5 in. 182-190-—226-168-190 
Temp. 21 deg. C. for 
last tests. 
Rel. humidity 55 per cent 4.5 86-— 14— 90-158- 14 [Max. 226] 53 20 7 20 
15 m.m. Bar, 28.5 in. 208-100-— 82— 45- 59 |Min. 9 
Needle Gap | Temp. 18 deg. C. for 177— 18-— 9- 13- 13 |Av. to 
Dulled 1st 10 tests. 23- 23- 32- 9- 14 
Points Rel. humidity 55 per cent 172— 19-218-— 18-172 
Bar. 28.5 in. 226-— 18— 13-132-100 
Temp. 21 deg. C. for 
last tests. 
12 m.m. Bar. 29.05 in. 1.75 4— 19- 7-— 5-19 |Max. 64] 57 19 16 8 
Needle Gap | Temp. 22 deg. C. for 4— 7— A42—10= 97 |Mine 32 
first 20 tests. _ 3.5- 42— 7- 7- 31 |Av. 16.1 
Rel. humidity 32 per cent 21— .2——24 nie 
Bar. 28.5 in. : 5- 16- 4-— 7- 9 
Temp. 22 deg. C. for 5-— 27— 62- 35- 438 
remaining tests. 5- 4- 14-— 9 60 - 
43- 9- 9- 46- 32 
5- 35- 4 43- 26 
21- 16-— 50— 64— 26 


amas calibrations are given to show that the accuracy of time measurement is comparable at different lags. 
(4) In many cases the lags occurred in definite zones and to show this ina comparative way the maximum lag was divided into four 
equal times the percentage of lags occurring in each of these ranges being given. 
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TEST DATA—LAGS GIVEN IN SAME ORDER AS TESTS WERE MADE—VOLTAGE 22,000 
(2)Needle to Plane—Needle Negative 


Spacing 


Needles 


Extra(®) 
Sharp 
Points 


Dulled(®) 
Points 


. Atmospheric 
Conditions 


Rel. humidity 55 per cent 
Bar. 29.3 in. 

Temp. 20 deg. C. for 

Ist 25 tests. 

Rel. humidity 26 per cent 
Bar. 28.6 in. 

Temp. 20 deg. C. for 

last 5 tests. 


Rel. humidity 26 per cent 
Bar. 28.6 in. 
Temp. 20 deg. C. 


Rel. humidity 26 per cent 
Bar. 28.6 in. 
Temp. 20 deg. C. 


(a) Plane was a disk 24 in. in diameter. 
(b) See Fig. 10 for degree of sharpness of points. 


Time 
Calibration 
icro- 
seconds 
Per m.m. 


4.5 


Time Lagsin 
Micro-seconds 


110- 9- 4-155- 9 
4-100- 9- 9- 9 
4— Q9-140-—14—- 9 


Put in new needle 
100-110-104— 86- 91 
86-104—110-100-114 
Put in new needle 
32-— 41-109- 66-133 


126— 64— 32- 9-114 


68-104— 86-— 82-— 32 

14— 66-380-— 23- 18 
380— 9-— 9- 86—- 9 
TABLE IB 


Max. 
Min. 
Av. 


Ist 


Range | Range 


PER CENT SPARKING 


2nd 3rd 4th 


Range | Range 


Max. 155 
Min. 


Av. 62 
Max. 126 
Min. 32 
Av. 74 
Max. 3880 
Min. 9 
Av. 94 


41 


80 


7 41 11 
10 40 30 
0 0 20 


TEST DATA—LAGS GIVEN IN SAME ORDER AS TESTS WERE MADE—VOLTAGE 22,000 
Needle to Plane—Needle Positive 


Spacing 
| and 


18 m.m. gap 


16 m.m. Gap 
New Point 


Extra 
Sharp 
Point 


Dulled 
Point 


Atmospheric 
Conditions 


Humidity 57 per cent 
Bar, 29.3 in. 
Temp. 25 deg. C. 


Humidity 26 per cent _ 
Bar. 28.6 in. 
Temp. 20 deg. C. 


14 m.m. Gap | Humidity 57 per cent 


Bar. 29.3 in. 
Temp. 25 deg. C. 


Time 
Calibration 
Micro- 
seconds 
Per m.m. 


4.5) 


4.5 


Time Lagsin 
Micro-seconds 


465—465-130-—205-335 
700— 37-—240-410-410 
150-—260-—220-700 


61—210-116— 66-188 
77— 338— 61-—232-— 66 


221-116-183— 28- 44 
80— 28-110-188 


100—200-300—222-338 
360-210-188-288 


95a l= 3=- «9 
Loe D=) p= 23 
US Sian y ANS ol Mk ore 


PER CENT SPARKING 


Max 
vey tet} Onda [ard | ath 
: Range | Range | Range | Range 
Max. 700 22 35 28 15 
Min. 37 
Av. 338 
Max. 232 11 56 0 33 
Min. 33 
Avs weld J 
Max. 221 45 il ust 83 
Min. 28 
Av. 108 
Max. 360 0 10 45 45 
Min. 100 
Av. 236 
Max 5 94 0 0 6 
Min 5 
Ay. 18.1 If 95 point is included 
(Av. 12.6 vi 43 29 21 
omitting 
95 point) 
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The per cent overvoltage above the 60-cycle 
spark potential necessary to obtain lags of one 
micro-second or less was found to decrease 
with increased spacing. 

With spacings of 10, 40 and 65 millimeters 
the per cent overvoltages are 75, 40 and 29 
respectively. It is, of course, to be expected 
that the greater the per cent of overvoltage 


with the point positive (Table IB) show that 
the lag is less than two micro-seconds while 
with the point negative with the same spacing 
and voltage, an average lag of 62 micro- 
seconds was obtained. When the point was 
negative with a spacing of 13 mm. sparking 
occurred with approximately 50 per cent of 
the voltage applications. With the point 


TABLE II 
TEST DATA—LAGS GIVEN IN SAME ORDER AS TESTS WERE MADE—VOLTAGE 58,000 


Time 


PER CENT SPARKING 


Space Atmospheric ee Time Lagsin yet 
bap Conditions Senda Micro-seconds yee 1st 2nd 3rd 4th 
Desmine . Range | Range | Range} Range 
60 m.m. Relative 2.8 22-— 14-—251-251-182 |Max. 296 52 21 17 10 
Needle humidity 38 per cent 33-215-212-296-— 22 |Min. 14 
Gap Bar. 28. 5 in. 22— 48- 31-140— 28 |Av.. 78 
Temp. 21 deg. C. 48— 25-112- 28-134 
36-— 42- 45- 34- 14 
87-210-196-— 87 
50 m.m. Relative 4.5 13— 18- 68- 59- 9 |Max. 136 48 4 44 4 
Needle humidity 35 per cent 136— 91— 68- 9-68 |Min. 9 
Gap Bar. 28.5 in. 91- 9- 9- 9 Q |Ay. 47 
: Temp. 20 deg. C. 9-100— 68- 9- 82 
5—- 77— 9-— 9 68 
100— 68 
45 m.m. Relative 2.8 6— 25—- 6- 3-— 38 |Max. 112 83 G 3 if 
Needle humidity 15 per cent 6—- 6- 6~- 6-112 |Min.- 3 
Gap Bar. 29.1 in. 6— 42-112— 6-3 |Av. 16.5 
Temp. 21 deg. C. 3- 3- 3- 3 38 
3- 3- 3- 63- 3 
6— 39- 3- 6- 3 


the shorter the time lag. The results show 
that this is true, in general, although wide 
variations in time lag occur with every setting 
and at all voltages. 

- An examination of the tabulated results 
discloses the existence of time-lag zones, which 
indicates that break-down is more likely to 
occur within these zones than outside. The 
existence of these zones is doubtful in some 
cases, while in others it seems well defined, as 
for instance at 75 kv. with a 95-mm. spacing 
(Table ITI). 

In general, the tests show that dull needles 
give shorter time lags than sharp needles, 
although more tests should be made to be cer- 
tain of the relationship. 

Comparing the point-plane tests (Point 
negative, Table IA) with the needle points 
having the same spacing the data show that 
the lags are of the same order of magnitude 
although the maximum lag with the point- 
plane is considerably greater than the cor- 
responding value for the points. Tests made 


positive a similar condition was obtained with 
a spacing of 19 mm. These results give some 
conception of the effect of polarity on the lag 
of a pointplane gap. 

Measurements of atmospheric conditions 
were made as a matter of record. Although 
no correlation with the variation in time-lag 
could be found, these factors undoubtedly 
have a great effect. To determine the effect 
of these factors much greater variations are 
necessary than those which occur naturally. 


Conclusions 

An oscillograph is now available, as repre- 
sented by that made by Dufour, by the use of 
which single transients may be photographed, 
without being limited by the inertia of a 
mechanical system. By its use, wave forms, 
have been photographed having measurable 
oscillations up to 20,000 kilocycles. The 
authors have worked with an _ oscillator 
frequency of 250 kilocycles which allows 
the registration of a frequency of 100,000 


e — 
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kilocycles. As the frequency increases, 
the problem of the characteristics of the 
circuit used become increasingly important 
and great difficulty is experienced in keep- 
ing the oscillograph circuits free from 
disturbances emanating from the main 
impulse circuit. The cathode ray oscillo- 
graph, as used here, becomes a tool of 


tions. The per cent overvoltage, required to 
keep the lag to two micro-seconds or less, 
decreases as the gap spacing increases. The 
lag is shown to depend on the condition of the 
needle, the dull needle tending to have the 
shorter lags. 

The authors are continuing the use of the 
oscillograph, intending to apply it to the 


TABLE III 


TEST DATA—LAGS GIVEN IN SAME ORDER AS TESTS WERE MADE—VOLTAGE 75,000 


PER CENT SPARKING 


Time 
as Atmospheric ager es Time Lags in ee a 
Gap Conditions seconds Micro-seconds Av. lst 2nd 3rd 4th 
Per m.m. Range | Range | Range | Range 
95 m.m Relative 8.5 120-— 21— 88— 42— 25 |Max. 491 40 0 14 46 
Needle humidity 14 per cent 491-406-— 34-340-466 |Min. 21 
Gap Bar. 29.1 in. 339-440—400-460-400 |Av. 260 
70 per cent Temp. 22 deg. C. 
sparking at 
this setting 
80 m.m. Relative 5 35- 45-280-240-250 |Max. 335 58 0 28 14 
Needle humidity 14 per cent 85- 40- 30-235- 30 |Min. 15 
Gap Bar. 29.1 in. 35— 30- 35- 35-335 |Av. 120 
Temp. 22 deg. C. 235- 40-— 15-210-230 
300-200-250— 45—- 30 
85- 35- 40- 35-210 
72 m.m. Relative 2.4 38- 38- 43- 48- 26 |Max. 60 + 48 28 20 
Needle humidity 26 per cent 43- 29- 38- 21- 48 |Min. 2 
Gap Bar. 28.8 in. 29- 45- 29- 29- 29 |Av. 35 
Temp. 19 deg. C. 29- 2- 17- 55- 60 


31- 53- 41- 31- 31 


the greatest value in the study of transient 
phenomena. 

The lag tests, with constant voltage on the 
needle gaps, show that the lags vary between 
wide limits, the average lag increasing with 
increased gap settings. The limits could 
probably be narrowed considerably by the use 
of careful control of air and electrode condi- 


study of transients on transmission lines due 
to lightning and other causes. The break- 
down of insulation and the operation of 
lightning arresters is also being investigated. 
Acknowledgment is gladly given to the work 
of Alexander Dufour, who constructed the 
oscillograph used by the authors in the work 
described in the paper. 
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Rural Electrification 


By Rosert H. RoGers 
INDUSTRIAL ENGINEERING DEPARTMENT, GENERAL ELECTRIC COMPANY 


Electricity is constantly finding new fields of service; steadily removing the burden from human hands, 
doing the work faster, better, and cheaper. The present-day trend of electrification is toward the development 
of rural districts. The public utility interests are desirous of increasing their business while the rural population 
is looking forward to receiving the benefits of electricity. Naturally enough, a problem of vast interest is the 
subject of much discussion. The following article briefly outlines the situation, and reviews some of the prob- 
lems and practical uses of electricity on the farm.—EDIToR. 


Rural electrification is now prominently 
before the public and its problems are being 
studied by many independent or related 
organizations. The public utility interests 
are working out their part in the matter, the 
rural population is looking forward to the 
benefits of electricity now practically limited 
to city dwellers, and all phases of the subject 
here and abroad are rece‘ving a great amount 
of publicity. This article briefly reviews the 
important new trend in electrification which 
promises a great boon to vast numbers of 
people. 

The economics of this proposed widespread 
application of electricity present some inter- 
esting features. We find 50,000,000 people 
who would not know how to get along with- 
out electricity while an equal number of 
equally deserving people have never had an 
opportunity to make its acquaintance. The 
fact that half our population is ethically 
entitled to the benefits of electric service, 
enjoyed by the other half, lends strength to 
the recent prediction of Mr. Samuel Insul 
who said: ‘** * it is bound to come and in 
the comparatively near future. The farmer is 
entitled to it and he will get it.” 

The rapid and general adoption of auto- 
mobiles, radio, and telephones, and the greatly 
advanced standards of education now being 
insisted upon, indicate the desire and deter- 
mination of the rural population to secure 
improved conditions. The purchasing power 
of this division of prospects is enormous as 
shown by the vast investments in lighting 
sets, gas engines, tractors, and other modern 
machinery and devices that are not neces- 
sities. This purchasing power is taking a 
strong upward trend, and more and more 
farmers are looking to electric service as com- 
ing well within their means. 

The general well-being of the whole 
country is enhanced by those things that tend 
to make farm children willing to remain on 
the farm, and which tend to make the farmer 
satisfied to have his home on the farm rather 
than in some nearby city. Electric service 


with all that it offers is the greatest element, 
at the present time, that promises to bring 
contentment to rural people. 


Markets for Service 

The market for electric energy, outside of 
cities and large towns, divides into three 
groups. It is not confined to farms by any 
means, a fact that removes much of the 
difficulty in the way of general distribution. 

There are first the hamlets, ‘‘four-corners,”’ 
and ex-suburban rings of former city dwellers 
now bee keepers, shop keepers, entertainers 
of tourists, or otherwise occupied. These 
are communities of fair density that can be 
served by the public service lines and thus 
form points of departure for the more far- 
flung rural lines. The second type of market 
for electric energy includes the rural in- 
dustries with which the highways are studded 
and which may be served by the judicious 
plotting of service lines. They give stability 
to the loads, are good revenue producers, 
and are readily fostered and developed in 
areas where electric power is available. In 
this class are found garages, blacksmith and 
wagon shops, quarries, brick and tile works, 
grist mills, grain elevators, creameries, can- 
neries, and the like, the whole list running to 
great length. 

The third and major division of course 
includes the farms, plantations, and ranches 
with great diversity of power requirements 
and a wide range of seasonal fluctuations. 


Distribution 

The distribution of power along thinly 
populated highways presents little difficulty 
beyond that of cost. Where rural extensions 
are common, the physical problems have 
been worked out fairly well though in many 
different ways. Alternating current is used 
without question, 110 volts or 110 and 220 
volts are well standardized for service lines 
in and about buildings. Whether to use 
three-phase or single-phase is an unsettled 
question, both being commonly found. Three- 
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phase motors are the simpler but single-phase 
distribution for short branches is preferred 
by the service companies. 

It is not feasible to tap low-voltage service 
from the major high-voltage transmission 
lines, and therefore it often occurs that a 
farming region traversed by a transmission 
line is served by a lower voltage distribution 
system back-tracking from some city further 
down the line. In general, distribution for 
rural purposes is made at 13,000 or 6600 
volts with some older lines at 2300 volts. 
Occasional peaks or heavy seasonal motor 
loads, as threshing for example, tend to 
disturb the voltage on these low-voltage 
systems. High voltage, say 13,000, permits 
the use of a size of wire chosen only for its 
mechanical strength, as it will have ample 
capacity for heavy loads now and then 
without undue voltage disturbance, especially 
as the actual current changes are much less 
at this high voltage. 

Rural requirements have not yet been 
sufficiently established, as to maximum de- 
mand, diversity, and other characteristics, 
to give the degree of confidence in engineering 
transformer applications that prevails in 
city work of similar nature. The proper 
grounding of circuits, the best forms of 
lightning protection, and the minimizing 
of core loss and other losses are still subjects 
of study and discussion. Rate setting is the 
subject of much disagreement between the 
public service companies and the academic 
organizations that are fostering rural service. 
An equitable method seems to be based 
on separating service charges from energy 
charges, making the latter the same as city 
rates. The service charges may be financed 
by a minimum monthly bill, a deposit, or 
both. Such is the ‘Adirondack Plan”’ 
which is among the most practical so far 
submitted. 


Advantages to Public Utility Companies 

Public service companies from the frank 
scepticism of previous years have come or 
are coming to see the following advantages 
to themselves in a network of rural lines: 

(a) An increased market for their product 
—the expansion outlet so desirable 
for any going concern. 

(b) The broader spread of customers and 
good will adds stability to the business. 
Opposition to automobiles by farmers, 
it will be remembered, disappeared 
when the farmer got behind the wheel 
himself. 


(c) Utilities that retail appliances and 
electrical merchandise, or who do 
wiring construction work, will increase 
that part of their business more than 
in proportion to a like increase in 
city customers, because the rural 
customers will look to their central 
station service for advice and equip- 
ment. 

(d) Rural lines may help the central 
station to take advantage of a very 
modern development, the miniature 
automatic hydro-electric station (per- 
haps as small as 150 kw.) which 
operates by itself in some remote 
rocky glen. Rural lines might easily 
encompass such locations so that they 
may actually supply the locality with 
power while relying on the _ high- 
tension line only for control and 
continuity. 


General Characteristics of Farm Drives 

Coming now to the farm itself, there is a 
field of application with conditions very 
similar to those in city industries 20 years 
ago. Machinery designed for entirely dif- 
ferent means of operation, namely, hand, 
animal, wind mill, steam engine, or gas 
engine, is not perfectly adapted to electric 
motor drive though in most cases the electric 
motor can make a good showing for itself 
even under these handicaps. Most farm 
machinery is designed for low-speed operation, 
at least at the point where power is applied, 
whereas electric motors are essentially high- 
speed units. Methods wasteful of power’ 
(because it was never measured) prevail, but 
the ever-watchful meter demands the adoption 
of methods that get the maximum of useful 
work out of each kilowatt-hour of energy. 
There is not much to be done in revamping 
machines, methods, and operations to adapt 
them in a preliminary way to the new servant. 
Co-operation between farm machinery manu- 
facturers and the manufacturers of electric 
devices is improving this situation. 

Chore machinery, which necessarily has a 
low load-factor, will not stand being loaded 
up with heavy motor investments. Portable 
general service motors such as the motor 
shown in Fig. 1, will suffice in many cases 
where the required services do not overlap 
and especially where the required work is 
of short duration daily, weekly, or seasonally. 
Fractional horsepower motors will generally 
be installed directly on the driven machines, 
whether for frequent or intermittent use. 
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Larger motors for special service will be “‘ built 
in” or directly connected to machines where the 
hours of use per day justifies the investment. 

In many cases it is likely that the chore 
motor (Fig. 1) will fill in during a transition 
period preceding the purchase of up-to-date 
equipment, and particularly during the time 
that the farmer is feeling his way to determine 
just what his needs are going to be under 
these new conditions. 

The limitations of the pole transformer, as 
protected by fuses, must be learned in a 
practical way by the farmer to avoid inter- 
ruptions of service due to the use of too many 
machines or devices at one time. In other 
words, a good load-factor is to be sought 
tather than the crowding of many functions 
into one hectic hour. 


Utility of Electric Service 


‘“‘For what can a farmer use electricity?” 
This question can be answered in so many 
ways that it is necessary to condense farm 
uses to a few items hoping that the leading 
applications will readily suggest others. There 
is sometimes a tendency to run this listing of 
applications to the point of absurdities, a 
practice that will tend to do more harm than 
good. The following are believed to be 
practicable applications, and proven to be so 
by every-day work. 

The lighting of homes, barns, outbuildings, 
yards, drives, industrial plants, and com- 
munity buildings certainly presents a variety 
of lighting requirements and a very respect- 
able aggregate load. 

Highway lighting which every year is 
becoming more in demand is an application 
well worth considering, by itself, in connection 
with rural systems. 

Heating by electricity includes the cooking 
range, the cooking of stock feed, water heat- 
ing, incubation and brooding in poultry 
operations, welding and vulcanizing in garages, 
sterilizing and related processes for creameries, 
canneries, and other kinds of food preparation 
plants. Refrigeration for homes, particularly 
those out of the natural ice zone, the cooling 
of milk, and other food product cooling in the 
local industries are among the desirable 
loads. The precooling of fruits before ship- 
ment or before going into cold storage is a com- 
paratively new practice calling for refrigeration 
devices and electric motor-driven fans. 

General farm motor applications include: 

Wood sawing for fuel 


Cross- and rip-sawing logs for lumber and 
lumber dressing 
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Pumping water to supply tanks 

Pumping irrigation water 

Turning grindstones 

Ensilage cutters and blowers 

Hay hoists 

Grain and corn conveyors 

Corn shellers 

Corn crackers and grinders 

Cob breakers 

Grain cleaners 

Attrition mills 

Green feed choppers 

Bone cutters 

Concrete mixers 

Line shafts for groups of dairy machinery 
such as milking machines, cream sepa- 
rators, churns, etc. 


Fig. 1. G-E Farm Utility Motor. A portable power 
unit for use with belt driven machinery 


Line shafts for laundry and small feed 
machinery 

Line shafts for shop machinery such as 
emery wheels, grindstones, drill presses, 
saws, lathes, forges, etc. 

Rock crushers for driveway material, con- 
crete work or fertilizer 

Rock pulverizers for fertilizer 

Ice haulage and elevators 

Ice chippers 

Ice cream freezers for tourist stands 

Churns 

Milking machines 

Cream separators 

Washing machines 

Clipping and grooming machines 

Sausage grinders 

Hay and straw balers 

Cider mills 

Threshing machines 

Hullers and viners 

Vegetable preparing machinery 

Fruit and vegetable graders 

Cotton gins 
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Power applications for all kinds of rural 
service are too numerous to catalog. They 
include however the normal household utili- 
ties; some 30 or 40 items of farm machinery, 
only a few of which are likely to be found on 
any one farm; and the great spread of com- 
munity industries, and irrigation. The pump- 
ing of water is probably the most general of 
all rural power applications. 

Group drives are of value for the smaller 
units, old-type units, and for short-time 
jobs of diversified nature. Some typical 
groups follow. 


There are certain operations for which 
electric motor drive is well adapted and which 
are not normally farm work although they 
find a valuable place when regular work is 
slack. 

Crushed stone for driveways, for concrete, 
and for roofing when used with tar can be pro- 
duced by a small plant where there is an out- 
crop or ledge ona farm. A profitable business 
may be built up with only a small outlay. 

Pulverized limestone for conditioning land 
is being used in increasing quantities. Where 
the land in a given section responds to the 


Fig. 2. A Farm Kitchen with Electric Washing Machine, Dish Washer and Range 


The repair shop group: 
Drill press 
Emery wheel stand 
Grindstone 
Forge 
Lathe 
Cross and rip saw 


The house group: 

Washing machine perhaps to be replaced 
later by one having its own motor 

Pump to tank for house use. Individual 
motor with automatic switch may come 
later 

Fine meal grinder 

Churn 

Butter worker 

Poultry feed cutters and grinders 


The barn group: 
Milking machine 
Cream separator 
Pump to tank for stock 
Stock feed preparing and blending machinery 


treatment, there is the place for someone to 
establish a motor-driven crushing and pulver- 
izing plant to use native rock. Crushed and 
pulverized limestone for land restoration is 
today a great industry with freight forming 
a heavy part of the cost to consumers. 
Local crushers can easily be established so as 
to limit road haul by truck to a few miles. 
This would give off-time employment, eco- 
nomical fertilizer, and a good load for the 
rural lines. 

Home-made concrete finds many valuable 
applications on the farm. Outbuilding founda- 
tions and floors, drains, walks, tanks, silos, 
fence posts, and the like can be made largely 
from material at hand and at times when 
regular farm work is not pressing. 

The amount of power required for a really 
efficient concrete plant is small but is of such 
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a nature as to save a large amount of hand 
work. A pump may be installed and piping 
run from an existing water supply to furnish 
the necessary water. Where gravel is not 
available, a small reck crusher will give an 
aggregate superior to gravel. These machines 
may be belted to a line shaft with portable or 
fixed motor drive. 

The manufacture of concrete fence posts, 
concrete blocks, or tile will in some cases 
offer a profitable side line. Many silos are 
now being built of pre-cast concrete staves, 
another saleable product. 

The proper preparation of stock feed has 
a very favorable influence on the production 
of chickens and eggs, beef, pork, mutton, 
and all dairy products. 

There are few farm activities that give as 
great returns as the work that is required to 
properly chop, grind, or blend the various 
feeds that are being converted into saleable 
products. Feed grinding takes a large 
amount of power, especially for fine grinding. 
It is now believed at many Agricultural 
Colleges that coarse grinding gives even 
better results and requires less time and 
power. 

Much of the prepared feed now purchased 
can be duplicated or bettered on the farm by 
the use of inexpensive motor-driven cutting, 
grinding, and chopping machinery. These 
units will usually be operated one at a time, 
hence a portable motor can serve any or all 
in sequence. Corn lends itself to several 
methods of treatment for various feeds. 
The machines used are the corn sheller, cob 
breaker, corn cracker, corngrinder, and fine 
meal grinder. Some of these machines can 
be used on other grains or on mixtures of 
corn and grain, or on corn stalks with corn 
still in place. 

Green-feed choppers and bone cutters are 
sure to increase poultry profits just as the 
well-known ensilage cutter does for the 
dairy. 

Electric power used with fixed or portable 
motors makes these chores light and of short 
duration while the results are lasting and 
profitable. So much for applications. 


Advantages to the Rural Community 

In reviewing the many advantages of 
rural electric service, it has always seemed to 
the writer that its greatest. selling point is 
overlooked or only incidentally touched 
upon in the various papers on rural electri- 
fication. The great distinction between life 


in the city and life in the country lies in the 
quantity of water used per capita. Elec- 
tricity makes possible for rural homes these 
two major modern improvements, the modern 
bath room and running hot and cold water 
in the kitchen and laundry. Gas engines in 
a very few cases give a semblance of this 
convenience. The bath room and the kitchen- 
laundry water service that follows electricity 
far overshadow the usefulness of electricity 
used otherwise in the home, and it should 
be held up as a major selling point. City 
water conveniences in the country home will 
go far to make the rural home a most desirable 
dwelling place. 

Furthermore, a constant and ample supply 
of water for stock and other outside uses is 
automatically made available by electric power 
thus giving every farm the equivalent of a hill- 
side spring—a thing not to be rated lightly 
among the features worth while on the farm. 

Safe, clean, carefree lighting of brightness 
far beyond anything attempted with oil, and 
used in the home, barns, outbuildings, and 
yard is probably the most obvious and best 
advertised advantage that electricity gives the 
consumer. 

Where gas-engine power has been used, the 
continuity of service, the very low cost of 
maintenance, and the ease with which 
electricity is put to work and stopped has an 
immense appeal, especially so in freezing 
weather. 

The shortening of the hours necessary for 
routine house work and for routine farm 
chores is appreciated wherever electricity is 
available. This gives the family more time 
for productive work, recreation, and general 
{mprovement, more time for the things that 
make life worth living. 

From a straight dollars-and-cents stand- 
point there is hardly a rural customer who 
is producing anything saleable on his place 
who will not find production increased or cost 
of production decreased, or both, by the 
judicious use of electricity. This is where 
the utility companies can profitably build up 
a tural advisory staff for fostering the 
economic use of electricity outside the cities. 

And finally, farms and other rural habita- 
tions and industries that are supplied with 
central station power are worth more to live 
on, to rent, or to sell than otherwise equally 
good property. In other words, every square 
foot of real estate along the rural electric 
line benefits by an increase in value with the 
arrival of electric service. 
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Automatic Substations for Railway Signaling 
and Train Control 
By H. M. Jacoss 


RAILWAY EQuIPMENT ENGINEERING DEPARTMENT, GENERAL ELECTRIC COMPANY 


There is no class of electrical apparatus which it is more important to keep in continuous operation than 


the signal and train-control systems used on railroads. 


Not only time and money are at stake, but often 


lives as well. Whether alternating or direct current is used, there must be an alternative power source for use 
in case of the failure of the normal supply. In alternating current operation, when one or both supplies are 
purchased from power companies, the delay incident to making the emergency changeover manually can be 
obviated by the use of automatic switching equipment, with the result that outages are reduced to a matter 
of a few seconds only. In this article Mr. Jacobs describes the type of equipment used and shows how auto- 
matic operation can bring to this class of service the same dependability and rapidity of action as is to be 


found in other automatic applications.—ED1Tor. 


A continuous supply of energy is a funda- 
mental requirement in power-operated auto- 
matic railway signaling, whether direct or 
alternating current is used. This applies to 
both automatic signals and _ interlocking 
plants. 

Signals operated by direct current receive 
their power from batteries, and therefore, 
from the standpoint of power failures, they 
are more reliable than signals operated by 
alternating current receiving their power 
from commercial sources. The continuous 
operation of an alternating current railway 
signaling system is, therefore, a direct func- 
tion of the continuity of the power supply. 
For this reason it is the general practice to 
provide an emergency source, this being 
either alternating current of the same fre- 
quency, alternating current of a different 
frequency, or direct current derived from a 
power source or a storage battery. In all 
cases except where the reserve source is 
alternating current of the same frequency, 
converting apparatus is required. 

Railway signaling is broadly divided into 
two general classes, ‘‘interlocking”’ and “‘auto- 
matic block.’’ At certain points where 
there are switches, junctions, crossovers 
between tracks and sidings, etc., it is neces- 
sary for the government of train move- 
ments to control these devices manually 
from a central point. The various signals 
and switches must be so interlocked that a 
route may be established for a train, and 
other switches and signals interlocked in 
such a way that there will be no interference 
to the free passage of the train. In other 
words, the movements of certain levers in 
the signal tower to establish this route 
locks the levers controlling other signal 
functions. For this reason the territory 
under manual control, together with the 


signals and switches controlling mechanism 
and power apparatus for the operation of 
the signal devices, is termed an ‘‘interlocking 
plant.” This is generally called an “inter- 
locking.”” The load is, therefore, purely 
local. When a plant is operated from a 
storage battery, only one reliable source of 
power is required and this is used for charging 
the battery. If the plant is operated by 
alternating current, a reserve source of power 
that may be cut in with the least possible 
delay is imperative. 

Automatic block signals are so termed 
because the indication for a train to stop or 
proceed is given automatically. This is 
accomplished through the medium of a low 
voltage circuit in the track, a typical diagram 
of which is given in Fig. 1. Insulated joints 
are placed in the rails at signal locations and 
all other joints are thoroughly bonded to 
reduce the rail resistance. These insulated 
sections are called ‘“‘blocks.”” The relay 
for controlling the movement of the signal 
is connected across the rails at the entering 
end of the block and energy is applied to 
the rails either at the other end of the block 
or in the middle, depending on the type of 
signaling installed. The relay is energized 
when the block is not occupied. A train 
entering the block shunts the relay and sets’ 
the signal for a following train to stop. 
When the train leaves the block, energy is 
restored to the relay and the following train 
is given an indication to proceed. It is 
evident that an opening in the track circuit, 
which may be caused by a defective bond or a 
broken rail, or a failure of the energizing 
source, will cause a stop indication to be 
displayed. Batteries are the energizing 
source for a direct-current signaling system. 
An alternating-current signaling system 
derives its power from small transformers 
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energized from a transmission line paralleling 
the tracks. . The reliability of the system is, 
therefore, directly dependent on the con- 
tinuous maintenance of power on the line; 
even a momentary failure causes a corres- 
ponding de-energization of the system, and 
every precaution must therefore be taken to 
insure continuity of power. 

The power required for operating an 
alternating-current railway signaling system 
is comparatively small, and it is more eco- 
nomical and convenient to purchase it where 
possible than to generate it. | However, 
power generated especially for signal service 
is more reliable than power purchased from 
a commercial system. No matter how 
reliable a commercial power system may be, 
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Fig. 1. Diagram of Fundamental Alternating- 
current Track Circuit 


there is no assurance against feeder trouble, 
particularly in overhead lines. It is therefore 
evident that as assurance against prolonged 
power outages it must be possible to supply 
the transmission line from at least two inde- 
pendent power sources; in other words, 
there must be a reserve source of power. 
This reserve source should preferably be a 
second commercial source, but may be a 
steam or internal combustion engine, or a gen- 
erator set operating from a storage battery. 

Interruptions due to power failure usually 
occur when least expected, and it may take 
considerable time for the person responsible 
for the operation of a manually operated 
substation to cut in the reserve power. 
The installation of automatic switching 
devices will eliminate delays inherent in 
hand switching. 

Generally speaking, there are two classes 
of automatic substations for railway signaling, 
one for use in connection with interlocking 
plants or a short section of automatic signals, 
and the other for supplying power to auto- 
matic block signals, the normal and emergency 
power being fed to opposite ends of trans- 
mission line sections. 


Comparatively few equipments of the 
first class have been furnished and no at- 
tempts have been made to standardize, 
owing to the special requirements that must 
be considered on each installation. 

Two very interesting equipments were 
installed on the New York, New Haven & 
Hartford Railroad, one at Pawtucket, R.I., 
and the other at Stamford, Conn. Both 
of these plants are operated entirely by 
alternating current and the emergency power 
is obtained from a motor-generator set sup- 
plied by a storage battery. Under normal 
conditions the set is idle but starts auto- 
matically on failure of the normal source. 
The same set is used to charge the storage 
battery and is arranged to function auto- 
matically in case a power failure occurs while 
the battery is being charged. The Paw- 
tucket equipment was described in the G-E 
Review for January, 1916. The switching 
equipment is so arranged that a 5-kv.a. 
set will restore energy to the transmission 
line in 13 to 15 seconds from the moment of 
failure. The Stamford equipment is slightly 
larger but functions in about the same time. 

There are a number of interlocking plants 
using a storage battery for the operation of 
switches and signals but having alternating- 
current track circuits and lights. The emer- 
gency power for the a-c. load is obtained from 
a small motor-generator set operating from 
the main storage battery which is charged 
either by another motor-generator set or by 
a rectifier. The automatic switching equip- 
ment is placed on the sub-panels of the con- 
trol switchboard. Fig. 2 shows such an 
equipment installed on the Reading Railroad 
at Myerstown, Pa. 

The first automatic substations for the 
operation of short sections of automatic 
block railway signaling consisted of one 
installation on the Grand Trunk Railway 
in 1914 and two installations on the Chicago, 
Rock Island & Pacific Railroad in 1915. These 
were all installed in the vicinity of Chicago 
and made use of the Pen Dell switch. In 
1921 the Delaware, Lackawanna & Western 
Railroad installed an automatic switching 
equipment of the contactor type to supply 
about five miles of automatic signaling 
in the vicinity of Newark, N. J., using their 
6600-volt, three-phase power line for the 
normal source, and Public Service Electric 
and Gas Company power for emergency 
(see Fig. 3). Although all these installations 
are of the first class; that is, a substation 
designed to supply a local load from two 
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sources at one point, no attempt has been 
made to standardize. The Delaware, Lacka- 
wanna & Western station, however, is very 
similar to the present standards for auto- 
matic signals hereafter described. 
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Fig. 2. Control Switchboard at Myerstown, Pa., 
Interlocking, Reading Company 


The greatest application for automatic 
substations for railway signaling is in 
supplying power for automatic block signaling 
and train control. 

On a long stretch of signaling, it is mani- 
‘festly impossible and impracticable to supply 
the whole territory from one source of power. 
The distance over which power can be 
economically transmitted is determined prin- 
cipally by the load, the line voltage and the 
permissible line voltage drop; the higher the 
voltage, the greater the load that may be car- 
ried, or the same load may be carried a greater 
distance, for the same line drop. Expense is 
also an important factor, because the cost of 
high voltage apparatus and the pole line 
structure arranged for it, is greater than for 
low voltage equipment. 

If the signaled territory is supplied from 
several sections of transmission line inde- 
pendently fed instead of from one long line, 
the loads in each section may be economi- 
cally transmitted without using an expensive 
transmission voltage; the voltage of the 
signal apparatus is more uniform, due to 
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decreased line drop, and the system is less 
subject to interruptions due to line trouble, 
because any disturbance is confined to the 
particular section in which it occurs. The 
length of sections will depend principally on 
the location of reliable power sources and the 
transmitted load. 

It is now the common practice of many 
railroads to arrange their substation switch- 
ing equipment so that each line section may 
be fed from either end. A line cut into 
two or more sections will therefore have 
a station at each of the extreme ends, and a 
station at the adjoining ends of two adjacent 
sections that can feed either section. For 
instance, a four-section line will have two 
end or ‘‘single feeder’’ stations and three 
intermediate or ‘“‘double feeder” stations (see 
Fig. 4). Great care must be exercised to 
prevent the simultaneous connection of a 
line section to two independent sources. 


Fig. 3. Automatic Switching Equipment. 
Delaware, Lackawanna & Western 
R.R., Harrison, N. J. 


Manually operated stations may be so 
arranged that by proper co-ordination be- 
tween the operators of two stations arranged 
for feeding one line section, the intentional 
change-over from one source to the other 
may be accomplished almost instantaneously. 
However, when the power fails at one of these 
stations, the line switch must be opened 
manually (or possibly by means of a low 
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voltage tripping attachment), and the oper- 
ator in the reserve station must be summoned 
to close his line switch. This may cause a 
delay of several minutes, whereas with auto- 
matic switching equipment installed in both 
stations, the change-over is practically in- 
stantaneous. 

If automatic switching equipment is in- 
stalled in each substation, extreme reliability 
of all power sources as regards power out- 
ages, is not essential. A line section may be 
normally supplied with power from a reliable 
source, using a less reliable source as the 
emergency; or the less reliable source may be 
considered the normal source if it offers a 
more favorable power rate. Automatic 
substations, therefore, make possible the pur- 
chase of power from some sources that, on 
account of outage conditions would not be 
considered satisfactory for sole dependence. 
However, a commercial source subject to 
unsteady voltage conditions, or single-phase 
failures should not be considered unless 
absolutely necessary. On account of the 
greater field for automatic switching equip- 
ments furnishing power to sections of trans- 
mission line for automatic signals and the 
similarity in operating requirements, it has 
been possible to develop certain standard 
arrangements. High voltage equipments of 
2200, 4400 and 6600 volts, single-phase and 
three-phase, have been developed for sig- 
naling, or for signaling and train control 
combined, and quite recently single-phase 
equipments for 440 and 550 volts have been 
developed for a-c. automatic train control 
only. 


Fig. 4. Arrangement of Stations for Feeding Several 
Transmission Line Sections 


The principle of operation of this type of 
automatic substation is very simple. Fig. 5 
is the wiring diagram of a standard single- 
phase station taking power from a 2200-volt, 
single-phase source stepping up for 6600-volt 
transmission. For safety and economy, 
all switching is on the 2200-volt side of the 
power transformer, but.,it is sometimes 
advisable to do the switching on the high- 
voltage side to save exciting current losses 
from being carried over the transmission 
line. 


The oil circuit breaker No. 52 with time- 
limit overload relay No. 51, together with 
instrument equipment and customary pro- 
tective equipment for incoming and outgoing 
lines, are required in an ordinary manually 
operated station. The automatic equipment 
includes under-voltage relay No. 27, auxiliary 
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Fig. 5. Wiring Diagram of Standard Single-phase, 
Single-circuit Feeder Station 


contactor No. 27X, master element relay 
No. 1 with its potential transformer, control 
power transformer No. 11, contactor No. 29, 
and indicating lights. The functioning of 
these various devices is as follows: 

Oil circuit breaker No. 52 affords a 
means of connecting or disconnecting the 
station manually, or automatically on 
overload. 

A-c. under-voltage relay No. 27 is 
designed to drop out at a voltage below 
which the signaling devices would not 
operate properly, and to pick up at a 
voltage slightly below normal operating 
voltage. 

Auxiliary contactor No. 27X is intro- 
duced to relieve the contacts of relays No. 
27 and No. 1 from carrying the coil current 
of contactor No. 29. 

Master element relay No. 1 is designed 
to pick up somewhere around normal 
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operating voltage and to drop out at a 
voltage considerably below one-half normal. 
This relay is always energized when the 
transmission line is energized, and its 
particular function is to cause the idle 
station to be connected to the line when 
the line becomes de-energized and normal 
voltage exists at the incoming station. 
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The functioning of the station is as fol- 
lows: 

Assume the stationshown in Fig. 5 connected 
to a 6600-volt transmission line that is 
energized from a duplicate station at the 
other end. Oil circuit breaker No. 52 is 
normally closed, No. 27 is energized and the 
green lamps are lighted, indicating that the sta- 
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Fig. 6. Elementary Diagram 


Control power transformer No. 11 fur- 
nishes power for operating auxiliary con- 
tactor No. 27X, isolating contactor No. 29 
and the indicating lights. 

Isolating contactor No. 29 connects the 
station to the line when No. 27 relay is 
energized and No. 1 relay de-energized. 
When No. 29 contactor closes, the con- 
tacts of No. 1 relay are bridged by one 
of the “‘a’’ interlocks so that the contactor 
remains closed after No. 1 relay has been 
re-energized. When No. 27 relay is 
energized, the green lamps indicate that 
No. 29 is open and the red lamps indicate 
that it is closed. 
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of 3-phase, High-voltage Equipment 


tion is in an operative condition. When the 
power fails in the other station relay No. 1 
is de-energized, completing the circuit of 
the coil of auxiliary contactor No. 27X, 
which in turn closes and energizes the coil 
of contactor No. 29, causing it to close and 
connect the station to the transmission line. 
This operation is practically instantaneous. 
The contacts of relay No. 1 are bridged by 
one of the ‘‘a’”’ interlocks and the other “‘a’s 
interlock on contactor No. 29 connects the 
red lights, while the opening of ‘‘b”’ interlock 
disconnects the green lights. 

Should the voltage fail in this station 
the other station will immediately be placed 
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on the line in the manner above described, 
providing the voltage is satisfactory for the 
operation of the signaling device. 

Should the transmission line be section- 
alized, either intentionally or by accident, 
the reserve station will be connected to the 
line so that each portion of the sectionalized 
line will be energized from its adjacent 
station. However, before closing the sec- 
tionalizing switches or repairing a broken line, 
one of these stations must be disconnected. 

If trouble occurs to cause a short circuit 
between line wires the operating station will 
be disconnected on switch No. 52 by action 
of overload relay No. 51 and this will cause 
contactor No. 29 to open. The other station 
will immediately be connected to the line by 
reason of the low voltage condition, and if the 
short circuit persists, the station will be imme- 
diately disconnected in the manner described 
above; therefore, both stations will be dis- 
connected until the fault is located and 
corrected, and the stations manually recon- 
nected. 


Fig. 7. Richmond, Fredericksburg & Potomac R.R. 
Manually-operated Feeder Panel in Richmond, 
Va., Station, Made Automatic by Addition 
of Automatic Switching Equipment on 
Sub-panel 


If it is desired to shift the load from one 
station to the other, it is only necessary to 
open hand operated oil circuit breaker No. 
52 in the operating station, and then close 
it so that the station is in a condition to be 
switched on automatically if power fails at 
the other station. 


An intermediate station feeds two adjacent 
line sections and is, therefore, a combination 
of two single feeder stations taking power 
from the same source; each feeder therefore 
functions independently with another station 
as above described. 
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Fig. 8. Elementary Diagram of Single-phase, Low- 
voltage Station for Train Control 


Three-phase delta stations operate in a 
manner similar to single-phase stations, the 
principal difference being that double the 
number of relays with their transformers 
connected to separate phases are required, 
and all main line equipment is three-pole. 
The control circuit for auxiliary contactor 
No. 27X is connected through the contacts 
of the two No. 1 relays and those of the No. 
27 relay all in series. This insures that 
the station will not be connected to the 
line unless power is available on all three 
phases of the supply and a low voltage 
condition exists on all three phases of 
the transmission line; this prevents the sta- 
tion from being connected to the line 
unless the power is normal on all three 
phases and makes it impossible to connect 
two stations together in case one of the wires 
of the transmission line should be opened. 
Fig. 6 is an elementary diagram of a standard 
three-phase delta high voltage equipment. 
The circuits are arranged from left to right 
in order of sequence of operation. This 
means that the contacts and coil of a device 
are not necessarily shown together. By 
means of such a diagram it is easy to check 
the interrelations of the various pieces of 
equipment. 

Three-phase Y stations are similar to 
three-phase delta stations, the only difference 
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being that the relays with their operating 
transformers are required in all three phases. 

Sometimes automatic switching equip- 
ments are located very close to the source of 
power, in which case it is permissible to omit 
the No. 27 under-voltage relays because a 
single-phase or under-voltage condition will 
probably never exist. 


Fig. 9. Atchison, Topeka & Santa Fe Railway. Apparatus 
and automatic equipment for signaling and train 
control installed in power plant at Fort 
Madison, Iowa, Electric Co. 


The first installation of automatic switching 
equipment for the supply of power to auto- 
matic block signals was made in 1918 by 
the Richmond, Fredericksburg & Potomac 
Railroad. The existing installation included 
a 6600-volt, 60-cycle transmission line from 

‘Richmond to Fredericksburg, Va., and from 
Fredericksburg to Potomac Yards (near 
Washington, D.C.). Manually operated 220- 
volt switchboards, one of which is illustrated 
in Fig. 7, located in the power houses at 
Richmond and Potomac Yards, supplied 
their respective line sections through step-up 
transformers. An emergency supply at 
Fredericksburg was likewise stepped-up from 
220 volts but the switching was done on 
the 6600-volt side so that the line could be 
cut through if desired. 

Owing to traffic delays resulting from power 
failures, automatic switching became a neces- 
sity and an arrangement that would make 
use of existing equipment as far as possible 
was decided upon. Sub-panels containing 
220-volt automatic equipment were placed 
underneath the manually controlled panels 
in the Richmond: and Potomac Yards sta- 
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tions, and a 220-volt double-circuit combined 
automatic and manual feeder panel was in- 
stalled in a small concrete house at Freder- 
icksburg. 

The advent of automatic train control 
has greatly stimulated the demand for auto- 
matic substation equipment. Certain types 
of automatic train-control systems operate 
on alternating current. Continuity of power 
supply for train control is even more im- 
portant than for an alternating current 
signaling system, because the de-energization 
of the train control devices for a certain time 
(approximately 5 seconds) will cause the 
application of the air brakes on the train. 


Fig. 10. Automatic Railway Signaling and Train Control 
Feeder Equipment in Chillicothe Station of the 
Atchison, Topeka & Santa Fe Railway 


An a-c. train-control system may be 
installed in conjunction with an a-c. or a d-¢. 
signaling system or where no signaling system 
is used. When installed with an a-c. signaling 
system, the automatic substation will be the 
same as described above. In other cases, 
owing to the very small amount of power 
required (only a few watts per track block), 
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the transmission and automatic switching 
equipment may be low voltage. A number 
of 440- and 550-volt equipments have been 
installed and others are under construction. 
Fig. 8 is an elementary diagram of one of 
these low voltage stations. Air break equip- 
ment is used throughout for interrupting the 
circuit and the time-limit overload relay is 
connected directly in the coil circuit of relay 
No. 29. Aside from these modifications, 
the functioning of the equipment is identical 
with that of the high voltage stations. 

A number of very interesting train control 
installations using automatic substations have 
been made during the past year and others 
are now under construction. 


Atchison, Topeka & Santa Fe Railway Installation 

This railway selected the Illinois Division 
for its first installation of automatic train 
control, between Fort Madison, Ia., and 
Corwith, Ill., a suburb of Chicago, a distance 
of 230 miles. All the traffic of the vast Santa 
Fe system to and from Chicago passes over 
this one stretch of track. This includes 
heavy suburban traffic moving at certain 
definite periods of the day and considerable 
freight traffic throughout the whole day. 
The uninterrupted movement of trains is, 
therefore, a very important matter and for 
this reason every precaution has been taken 
to insure continuity of service. Automatic 


Fig. 11. Automatic Substation for Signaling and Train 
Control, Atchison, Topeka & Santa Fe Railway, 
Chillicothe, Ill, 


substations have already been installed at 
Fort Madison, Galesburg, Chillicothe and 
Streator, and construction is under way for 
one station at Corwith and two at Joliet. 
Figs. 9 to 12 show various parts of this 
installation. The station at Corwith and 


the one at South Joliet are of the outdoor 
type, the switching equipments being installed 
in steel houses. The Corwith, Joliet and 
Fort Madison stations are single-feeder type 
and the other three are double-feeder type. 

All of the indoor stations followed standard 
arrangements with slight modifications neces- 
sary to meet local requirements. The switch- 


Fig. 12. Automatic Switching Equipment, Atchison, 
Topeka & Santa Fe Railway for Corinth and 
South Joliet (Ill.) Stations 


ing equipment is so arranged that trans- 
mission line losses due to excitation of power 
transformers is reduced to a minimum. 

All stations are 60-cycle, 3-phase, the 
transmission between Fort Madison and 
Chillicothe being at 4400 volts, and from 
Chillicothe to Corwith 6600 volts. Fort 
Madison station, illustrated herewith, receives 
power from the Keokuk system at 25 cycles 
and two frequency converters are installed 
to supply the 60-cycle system. Since this 
station normally feeds the line section to 
Galesburg, the control for these converters is 
manual. This is permissible because an 
operator is located in the station. 


Reading Company Installation 

During the summer months the traffic 
between Philadelphia and Atlantic City is 
exceedingly heavy and this requires a large 
number of high-speed trains operating under 
close headway; on this account absolute 
reliability of signals and train control equip- 
ments is essential. Automatic substations 
have been installed at Camden, Hammonton, 
and Atlantic City, N. J., a distance of 55 
miles (see Figs. 13 and 14). Graphic meters 
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installed in each station give a continuous 
record of the variation in voltage through- 
out the day. 


Louisville & Nashville Railroad Installation 


The first train-control installation on the 
Louisville & Nashville Railroad was made 


Fig. 13. Interior Automatic Substation for 
Signaling and Train Control, Installed 
on the Reading at Atlantic City, N. J. 


last year between Etowah and Madison- 
ville, Tenn., a distance of 18 miles. This 
was the first installation using a 440-volt 
transmission line. Both stations are supplied 
with power from the Tennessee Power 


Fig. 15. Automatic Switching Equipment, Louisville & 
Nashville R.R. Co., Etowah and Madison- 
ville (Tenn.) Stations 


Company’s system over different feeders. 
To insure continuity of service in case of 
simultaneous failure of power at both sta- 
tions, a three-unit emergency motor-generator 


Fig. 14. Exterior Automatic Substation for Signaling 
and Train Control Installed on the Reading at 
Hammonton, N. J. 


set was installed at Etowah, where 220 volts 
d-c. is obtained from the railroad shops. 
The third unit on the set is a 32-volt d-c. 
machine which is automatically connected 
to a storage battery in case the 220-volt;d-c. 


Fig. 16. Automatic Switching Equipment for 
Train Control, Illinois Central R.R. 
Champaign, Ill. 


AUTOMATIC SUBSTATIONS FOR RAILWAY TRAIN CONTROL 649 


is not available when the a-c. supply fails. 
The 32-volt machine is also used to charge 
the battery. -The control is so arranged that 
in case a power failure occurs while the 
battery is being charged, the set will auto- 
matically take up the a-c. load. Fig. 15 
illustrates the single-panel switchboard at 
Madisonville, and the three-panel switch- 
board at Etowah. One panel of the latter 
is a duplicate of the switchboard at Mad- 


Delaware, Lackawanna & Western Railroad In- 


stallation 
The train-control installation on the 
Delaware, Lackawanna & Western Rail- 


road is between Elmira and East Buffalo, 
N.Y., a distance of 141 miles. The trans- 
mission is at 550 volts. Single feeder sta- 
tions are located at East Buffalo and Elmira, 
and double feeder stations at East Bethany, 
Dansville and Bath. The power supply at 


Fig. 17. Motor-generator Set for Emergency Power Supply 
for Train Control System Louisville & Nashville 
R.R. Co., Etowah, Tenn. 


isonville and the other two panels control 
the motor-generator set illustrated in Fig. 17. 

The system is being extended north to Cor- 
bin, a distance of 144 miles, making the total 
length of train control territory 162 miles. Five 
additionalautomatic substations are undercon- 
struction and transmission will be at 550 volts. 


Illinois Central Railroad Installation 

The first installation of automatic train con- 
trolonthe Illinois Central Railroad (see Fig. 16) 
is being made between Champaign and Branch 
Junction, Illinois, a distance of 122 miles, but 
at present only the trial installation of 22 
miles between Champaign and Tuscola is in 
service. The transmission is at 550 volts. 


Dansville, Bath and Elmira is 60-cycle, 2300 
volts which is stepped down to 575 volts, 
but on account of the unsteady voltage at 
these three points small capacity automatic 
voltage regulators are being furnished. The 
power supply at East Buffalo and East 
Bethany is 25-cycle, 4600 volts; this is trans- 
formed to 110 volts, and 1.5 kv-a, 110-volt 
frequency converters are installed in dupli- 
cate at each station with automatic starting 
equipment. The generated voltage is stepped 
up to 550 volts. These are novel instal- 
lations in that they are the first ones 


requiring automatic voltage regulators and 
automatic frequency changers of such small 
capacity. 
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The Theory and Design of Ballast Resistors 


By H. A. Jones 


RESEARCH LABORATORY, GENERAL ELECTRIC COMPANY 


In our May issue we published an article by Mr. Jones entitled ‘‘The Ballast Resistor in Practice,’’ 


which was in a way preliminary to the present article. 


Since the constant current action of the iron fila- 


ment in hydrogen seemed not widely understood, it appeared best to give the more general story first, 
outlining the various applications of the ballast resistor, and to reserve for a subsequent issue the theoretical 
considerations of constant current action. Below we are presenting the mathematical discussion of the sub- 


ject, which Mr. Jones has worxed out.—EpITor, 


It has been shown” that the volt-ampere 
characteristic curve for an iron wire resist- 
ance operating in hydrogen will exhibit “ bal- 
last action” (i.e., the current will remain 
constant over a wide range of voltage), if 
the total heat loss in watts (W) from the 
resistance increases proportionately slower 
with the absolute temperature than the 
resistance (R). 

Since W, the total heat loss in watts from a 
filament operating in a gas, and R, the resist- 
ance of the filament at the operating tempera- 
ture, are both functions of the temperature, 
over any small interval of temperature, we 
may write: 

WieAdae (1) 
and Ree ie (2) 


Here n,, and nz are the exponents of the 
absolute temperature with which W and 
R increase with the absolute temperature. 

Equations (1) and (2) may be written 


. dlogW_ TdW 


Neon Te WedT (3) 
_dlog R_TdR 
and Me Gioe T RAT (4) 


’ As already pointed out, ballasting will 
occur with an iron wire in hydrogen when 


Ny a, Up < 0. (5) 


Hence, if n,- and my are plotted as func- 
tions of temperature, the un, curve will lie 
below the mn, curve in the temperature 
region in which equation (5) is satisfied, 
i. e., from such a plot we can obtain the fila- 
ment temperature range in which ballasting 
will occur. 

The nu, curve for iron has been derived 
from A. A. Somerville’s®) measurements on 
the temperature coefficient of resistance of 
iron and is plotted in Fig. 1. 


@) H. A. Jones, G. E. Review, May, 1925. 

(?) A. A. Som le, Phys. Rev., 31, 261 (1910). 

(3) Foote: ‘‘Bull. of Bur. of Stds., 607 (1915). 

(4) E. Aschkinass: Ann der Phys., 17, 960 (1915). 

(8) Journal of the Opt. Soc. of Amer., Vol. 8, No. 5, May, 1924. 


The calculation of the total heat losses 
from a filament operating in hydrogen gas 
will now be considered in detail. The total 
heat losses in watts, W, will then be used 
to derive the ,, curves for various pressures 
of hydrogen. The method used in designing 
ballast resistances on the basis of the u,, and 
Nx curves plotted as functions of tempera- 
ture will be pointed out. 


Radiation Losses from a Filament 


The watts lost by radiation may be cal- 
culated from the Stefan-Boltzmann equation: 


WO =eE oc: (T24 = Ti’) A (6) 


where F is the total emissive power of the 
metal at the temperature 7», and 

T,=temperature of the room. 

A =area of the radiating surface. 

o =constant = 5.709 X 10-” watts cm.~, 
SeC.a4, dep.a: 

It is very difficult to obtain accurate meas- 
urements of the total emissive power, E, 
of a metal at low temperatures. Foote 
has extended the Aschkinass“) derivation 
of the total radiating power of a metal in 
terms of its volume resistivity and finds 
that his formula agrees well with the experi- 
mental data on platinum. 

Foote’s formula is 


E = 0.5736 V/rT — 0.17697rT (7) 
where r is the volume resistivity of the radi- 
ating metal in ohm cm. at the absolute 
temperature 7. 

At 1050 -deg. K., r=125.5X10-*, whence 
E=0.185, which value as pointed out by 
Davisson and Weekes) should be corrected 
for the deviation from Lambert’s Cosine 
Law. This correction amounts to 13 per 
cent at 1050 deg. K., whence £=0.209. 

Hence, if we assume 7; = 1050 deg. K.,. 
and 7, = 293 deg. K. from equation (6), 
we obtain 

W,= 1.48 watts cm~ 


The heat loss due to radiation is only of 
importance at high filament temperatures 


ee 
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and very low gas pressures. In the case of 
the ballast resistance where we have a fairly 
high pressure of hydrogen (10 cm. or more) 
and the temperature of the filament is only 
moderately high (1073 deg. K, at maximum), 
the heat loss due to conduction by the gas 
is easily the predominant factor, for as will 
be shown in a subsequent section of this 
article the actual observed heat loss from 
an iron wire in hydrogen under ballasting 
conditions amounts to approximately 100 
watts per cm.? 


Conduction Losses from a Filament in Hydrogen 

The method adopted to calculate the heat 
loss by conduction has been developed by 
Dr. Langmuir“ and subsequently greatly ex- 
tended to a more general case by Mr. C. W. 
Rice. 


Langmuir’s Film Theory of Convection 

Consider (Fig. 2) the case of a horizontal 
wire A of diameter d at a given temperature 
T in a gas, the wire being co-axial with the 
cylindrical container C. 

The gas adjacent to the wire becomes 
heated and rises while cooler gas of greater 
density flows in to take its place. This 
movement or streaming motion in the gas 
continues to a point at which the critical 
velocity conditions in the gas no longer per- 


300 400 500 600 700 800 300, 1000 1100 “1200 1300 1400 
Temperature®K 


Fig. 1. Flot of n,;- for Hydrogen (at various pressures) 
and np for Iron as Functions of Temperature 


mit of simple streaming motion. The motion 
then becomes turbulent. Langmuir reasons 
that the discontinuity between stream line 


(8) Langmuir: Trans. Amer, Electrochem, Soc., 20, 335 (1911). 
Phys. Rev., 34, 6, 401 (1912). 
ae Se et E., Vol. 31, Part I, 1229 (1912). 
is MRA nGoSAes. 860; (1912). 
ty reper Amer. Electrochem. Bo 28, 299 (1913). 
Alt; By 32, Part I, 301 (1913). 
eee Mackay: NTR AS 36, 8, 1708 (1914) 
Langmuir: a ot Gases; a 417 (1915 Vie 
sae, tee 38, 1145 (1916). 
(7) inecnuee pig. Rev. 3h, me 401 (1912). 


and turbulent motion marks the cuter edge 
of a film of gas of diameter b through which 
the heat transfer from the wire takes place. 
In this film the inner boundary has the tem- 
perature of the wire while the outer boundary 
has the temperature of the ambient gas. 
For purposes of calculation Langmuir as- 
sumes the film to be a cylinder concentric 


Fig. 2. Film Around a Hot Wire in a Gas 


with the wire and relatively stagnant. By 
this reasoning and simplification, the problem 
of free convection is reduced to a problem 
of conduction in the steady state. 

Langmuir shows that when this steady 
state is reached, the heat losses by convec- 
tion may be accurately expressed by 


T2 
W.=S kdt (8) 
Ti 
where W, is the watts lost from a wire at 
temperature T, to the ambient gas at tem- 
perature 7,. The value k is the heat con- 
ductivity of the gas and S is a “‘shape fac- 
tor,’’ the value of which is determined by 
the geometry of the body and the positions 
of the surfaces by which the heat leaves 
and enters the body. 
Langmuir developed the film theory of 
conduction in the following manner:'”) 


In any problem in heat conduc- 
tion where constant conditions pre- 
vail we may write 


ag bar 
Te six (9) 


where dq is the heat flowing per second 
through the area ds; k = heat con- 
ductivity of the gas, dT = tempera- 
ture drop and X is a distance measured 
perpendicular to the surface ds. 
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If the heat flux is uniform over the 
entire surface s, we may separate the 
variables and integrate the equation 
as follows: 


frat =qf= (9a) 


where k is a function of 7 alone,and s is 
a function of X alone. 

Stating the rate of heat loss in watts 
(W), we have: 


4.19 f kdT 


“fz 


Consider a wire of diameter d sur- 
rounded by a cylindrical film of gas of 
diameter b. Let 7, be the tempera- 
ture of the wire and 7; the temper- 
ature of the gas at the outer surface 
of the film, i.e., at a distance b/2 from 
the center of the wire. Then if / is 
the length of the wire 


dX 1 a0 ; 
eee op ee 9 
JS Sees wl igs d (9e) 
If W is the energy in watts con- 
ducted away from the wire per unit 
of length, then 


WwW (9b) 


T2 
9 
Lica kdl (10) 
loge a 0 : 
For convenience we will write 
T 
o=4.19f, kdt (10a) 
and place 
; 20 
Wa ees ore (10b) 
log 5 
Se 1 
whence 
W.=S (¢2.—¢1). (11) 


The value of S for a single wire co-axial 
with a cylindrical glass container is 


271 
~ log, b/d (12) 


where b is the diameter of the film of gas 
around the wire through which conduction 
takes place, and d is the diameter of the wire 
of length 1. 

(8) Meyer: ‘“‘Kinetic Theory of Gases.” 

(9) Phys. Rev. 34, 6, 401 (1912). 


(10) Phil. Mag. 36, 507 (1893). 
(1) Fisher: Phys. Rev. 24, 385 (1907). 
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Calculation of Thermal Conduction, ¢ 

To calculate the function ¢ for different 
absolute temperatures, it is necessary to ex- 
press the heat conductivity k as a function 
of the absolute temperature. 

However, experimental data available on 
the heat conductivity of gases as a function 
of temperature are rather meager, so that 
Langmuir has calculated the heat conduc- 
tivity for the different gases studied from the 
following relations derived from the kinetic 
theory of gases) 


k=Muc, (13) 


where k = heat conductivity, M is a constant 
for a gas, u = viscosity: and ¢, is the specific 
heat per gm. at constant volume. 

Langmuir® uses the value of M deduced 
by Eucken, who showed that this constant 
is 1.90 for hydrogen, and also that this value 
is independent of the temperature over a 
wide range. 

The variation of the viscosity of the gas 
with temperature has been determined by 
Sutherland’s®) relation which may be written 


KTV: 


“u= . (14) 
1 +a 
in which, for hydrogen, 
K=6.6X10-° 
and C= Ty 


For the specific heat of hydrogen, Langmuir 
chose Pier’s data, according to which 


c=F(1+afl) Cla)s 


and) tm 00002 


Substituting these values for u and cy we may 
write 


ty (16) 
k= ME Waar) A cal: sec. cmizsdez ae 
Its 


Substituting A for 4.19 M F K to convert to 
watts we obtain 
Ti: 


Cc 


l+- 


k=A (1+aT) watts cm.—! deg.! (16a) 


To evaluate ¢ as a function of temperature 
we may write e 


a8 ii dBA. 
= (eel ater \ai 
0 0 eA! (16b) 
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and since a@ is negligible except for very large 
values of T we have as a very close approxi- 
mation 


Z 
1/2 
pull atooan | eee 


(16c) 
0 a 


From this we obtain 
¢=A (1+ 0.6a@ T) = 
(223 T/2 — Q2cT'? + 2c’? tan“ =) (17) 
The values of ¢ for hydrogen calculated by 


Langmuir, using this equation, are plotted in 
Fig. 3. 
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Fig. 3. Plot of the Thermal Conduction in Hydrogen, 
¢ as a Function of Temperature 


Langmuir found that this simple assump- 
tion of a film theory enabled him to obtain 
excellent agreement with his experiments 
made on small wires over wide ranges in tem- 
perature and pressure in different gases. He 
found that the film thickness in a given gas 
was independent of the temperature of the 
wire and merely depended upon the ambient 
temperature and pressure. 

E. Q. Adams and Langmuir have developed 
the following relation to connect the film 
diameter with the wire diameter: 


ba 2B 
loge 7 = oe (18) 


where b=outer diameter of film in cm. 
d=wire diameter in cm. 

B=the film thickness in cm. for a plane 
surface in the same gas having the same ambi- 
ent temperature and pressure. For air at 
20 deg. C. and 76 cm. Hg, B=0.43 cm.“?) 

(2) Langmuir: Trans. Amer. Electrochem, Soc. 23, 299 (1913). 


ms Langmuir, Phys. Rev., 1911, loc. cit. 
as) C. W. Rice, Trans. A.I.E.E., June 1923, also Feb. 1924. 


As a result of an extensive series of experi- 
ments, Langmuir concludes that the thickness 
B of the plane film varies directly as the vis- 
cosity and inversely as the density of the gas. 
Whether the changes in density were due to 
changes in temperature or pressure, or even 
to the substitution of a gas of different chem- 
ical composition, seemed to have little effect 
on the validity of this rule. 

Let us consider a specific case to demon- 
strate the usefulness of Langmuir’s theory. 
Assume a wire infinitely long (to be free from 
end corrections) suspended co-axially in a 
horizontal cylinder of infinite diameter. The 
wire diameter we shall assume to be 8.9x107? 
em. Taking 0.43 cm.“ as the plane sur- 
face value of B for air at 293 deg. K, and 760 
mm. Hg, it can be shown from density 
considerations that B for hydrogen at 
293 deg. K and 20 cm. pressure is 45.3 cm. 
Substituting this value in equation (18) we 
obtain 6=12.4 cm. This value, when sub- 
stituted in equation (12) gives for the shape 
factor per cm. length of filament, S;=0.869. 

From Fig. 3: 

$;, at 1050 deg. K=1.57 watts/cm. 

go. at 293 deg. K= .26 watts/cm. 
Substituting these values for S;, ¢2 and ¢; in 
equation (11) we obtain 

W.=2.01 watts conducted per cm. length 
of filament. 


C. W. Rice’s Extension of Langmuir’s Film Theory 

By the method of dimensions, confirmed 
by many experiments on large and small 
bodies at both high and low temperatures, 
C. W. Rice™ has derived the following 
general equation for the effective film thick- 
ness for free convection 


e Polina ieee |” / 
p-Ka(;~) laaxier| em. (19) 


where K =experimental constant depending 
on the system of similar bodies un- 
der consideration. 
d=characteristic linear dimension of 
body in cm. 
k=heat conductivity at average tem- 
perature 7 (a) in watts cm. deg.—}. 
h=viscosity of fluid’ at Ti) cm. 
(gm. sec.)7!. 

Cp=specific heat at constant pressure 
for average temperature 7 (a) in 
joules gm. deg.-t, 

m =experimental exponent. 

y=h/p = kinematic viscosity of fluid 
for average temperature, in sq. cm. 
Saat 
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p=density of fluid in gms. cc. 
a=coefficient of density change per 
deg. C. for average temperature in 
deg. C. For ideal gases a = 573° 
Ta= average temp. in deg. C.= taal 
g=acceleration of gravity = 980.6 
dynes per cm’. 
At = difference between surface and am- 
bient temperatures in deg. C. 
n=experimental exponent for the 
system of similar bodies under con- 
sideration. 

When dealing with ideal gases the first fac- 
tor, (k/hc,)” in equation (19), can be neg- 
lected since its value is nearly unity and since 
this value does not vary greatly from one gas 
to another. Under these conditions, the 
effective film thickness may be written 


aA Y n 
B=h | oa ya MVE mal cm. 


The free convection from a long horizontal 
cylinder in gases and liquids is given by Rice’s 
equation: 


(19a) 


27r1lA®@d 


ae (= =} =) 
4 d 


where / =length of cylinder in cm. 
Ag=thermal conduction in watts per 
cm.=$7T,— 97; 
d=diameter of cylinder in cm. 
B=film thickness in cm. from equa- 
tion (19). 

Experimentally, m=0.25, n=0.54 and K= 
2.60 for either gases or liquids in the case of 
horizontal cylinders. 

Rice’s equation has been checked from ex- 
perimental data in gases at fairly high pres- 
sures. At these pressures, the temperature 
drop between a hot wire and the ambient gas 
is negligible. This is not true, however, at 
lower pressures, as pointed out by Smoluch- 
owski“®) who introduces a temperature drop 
coefficient which is of the order of magnitude 
of the mean free path of the gas molecules to 
which it is proportional and hence inversely 
proportional to the pressure. 

For this case, Smoluchowski writes 


Bian UCT — To) 
1 
loge + (+- a 


(5) M. V. Smoluchowski— Wied. Ann. 64, 101 (1898). 
(6) E. Gehrcke: Ann d. Phys. 2, 103 (1960). ) 
(17) M. V. Smoluchowski: Ann d. Phys.35,. 983 (1911). 


watts. (20) 


W.= (21) 
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where H =thermal conductivity of the gas 

1 =length of the wire. 

T,=temperature of the wire which is 
uniform over its entire length. 

T)=temperature of the glass wall. 

ry =radius of the glass cylinder. 

r,=radius of the wire. 

y is the coefficient which corrects for 
the temperature drop between the 
hot wire and the ambient gas. 

Since y is proportional to the mean free 
path we may write 


y=ynL=ynlT 


where yo is the value of y at 1 deg. K while 
Ly is the mean free path of the gas molecules 
at pressure p and 1 deg. K. 

yo=5.7 for hydrogen on silver“® 

yo=5.6 for hydrogen on platinum 
according to measurements of Knudsen.” 

However, since we use Rice’s expression 
involving the wire diameter and the film thick- 
ness B, the correction term for the Smoluch- 
owski temperature drop around the wire 
assumes the form: 


il 1 
Naree T(5+3) 


where 6=2 Bd. 


Hence the equation, which we may use 
over the entire pressure range, becomes 


27rlAd@ 


loge (5) + 2yoloT (+z) 


Thus we observe that as the pressure is. 
decreased, the correction term increases in 
value and W, decreases. Similarly for large 
pressures, the correction term becomes neg- 
QyoLol 


(22) 


We= (23) 


ligible. Actually the term ( ) is found 


to be negligible at all pressures in hydrogen. 
We may assume that the mean of the yo. 
values for hydrogen on silver and platinum 
will give a good approximation for the value 
of Yo for hydrogen on iron. 
Hence for hydrogen on iron: 


2; Yo iis a a hy Avo iene Be 
d dXp 
where Jia) =average temperature between thé 


wire and the glass wall in deg. K. 
d=diameter of the wire in cm. 


p=pressure of hydrogen in mm. » 


of Hg. 
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If we use the data as previously used in 
Langmuir’s equation (11), in equation (19), 
that is, 

T2=1050 deg. K. 

T,=293 deg. K. 

d =8.9X10 cm. 

p =200 mm. of hydrogen, 
we obtain , 
B=0.601 cm. 


Substituting this value in equation (23) we 
obtain 
W, =2.834 watts/cm. length. 


The agreement between this value and that 
obtained from Langmuir’s formula is good, 
considering the fact that loop filaments 5 to 8 
cm. in length were used in Langmuir’s experi- 
ments, rather than a single co-axial filament. 
It is well known that the effect of the heat 
conducted from one leg of the filament is to 
decrease the amount of heat conducted from 
the other leg. 

It is of interest to note the empirical for- 
mulas derived by Busch“®) to express his 
experimentally observed heat losses by con- 
duction in hydrogen. 


T'/2 — T,'/2 
We 1300 10:2) (24) 
lin T1 13m 
1—¢i p+14(1-<¢ =) 


is the expression which fits his data between 
0.33 mm. and 250 mm. pressure. At pres- 
sures greater than 20 mm. Busch found the 
following formula to fit his experimental data 
on the heat lost by conduction in hydrogen: 


Sis Ty! 


Io T/To 
1300+ 10.2 TA e 


In equations (24) and (25) 


W.=watts lost by conduction per unit 
length of filament. 
T =temperature of the gas at a distance 
r from the axis of the wire. 
T)=temperature of the glass walls. 
r,=radius of the wire. 
Io=mean free path of the gas molecules 
at 1 deg. K. and pressure ». 
e =base of Naperian logs. 
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We have seen from equation (5) that bal- 
lasting occurs with an iron wire in hydrogen 


gas when n,,— 7, is equal to or less than zero. 


(18) Busch: Ann. d. Phys. 64, 401 (1921). 


655 


The nr,,, curve for iron has been derived 
as mentioned previously and plotted in Fig. 1. 
The nw,,, curves for hydrogen are derived 
from the expression: 


a (W.) nw. + (Wr) nw 
oe W.+ Wr 


W,.=heat loss by conduction from equa- 
tion (23). 


(26) 


dé (Tdb\ 2wLoT 
pe ee aT ihe d 
We 7 ee a. 9 
WaT AG by rele 


W,=heat loss by radiation from equation 
(6), where the total emissivity is corrected for 
the variation from Lambert’s Cosine Law by 
the method of Davisson and Weekes. 


dW, 
dT 
AW, 


The ny,,, curves were evaluated for con- 
stant density of hydrogen, since ordinarily 
a bulb is filled with gas at room temperature 
and at a pressure p which will increase when 
the bulb is sealed off and the filament is 
heated. The gas temperature has been as- 
sumed to be the average temperature of the 
wire and the glass wall. The wall tempera- 
ture has been assumed to be 293 deg. K in 
each case. 

In equation (23), b=2 B + d and B is cal- 
culated from equation (19). For hydrogen, 
this equation may be simplified to: 


Hg 
(28) 


NW p= 


—0 477 p—0.54 J 0.19 
B=0.477 p d es earepe 


where p =pressure of hydrogen in mm. of 
mercury. 
d =diameter of the wire in cm. 
T =temperature of the wire in deg. K. 
To=temperature of the wall in deg. K. 
For wires less than 0.254 cm. in diameter, 
Ny 1s independent of the wire diameter and 
is a function of the temperature and the pres- 
sure. Hence from the plots of ny,,, and nr,,, 
in Fig. 1, we may calculate the range of bal- 
last action in volts for any diameter of iron 
wire in all pressures of hydrogen gas for 
which n,- is known and found to satisfy the 
expression j,—Nz < 0. 
For example, let us calculate the voltage 
range for ballast action for iron wires of dif- 
ferent diameters each suspended coaxially in 


(T+ Ty)" 0.54 


cm. (19b 
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a cylindrical glass tube of infinite diameter 
sealed off and containing hydrogen at 100 mm. 
pressure at room temperature (293 deg. K). 

Since the myw,,, curve for hydrogen at 100 
mm. pressure and the np,,, curve for iron 
show that ballasting will obtain between 840 
deg. K. and 1045 deg. K., we may calculate the 
filament temperature range 1045 to 840 deg. 
in volts per cm. length for iron filaments of 
different diameters. The results of such a 
calculation based on the above assumptions 
are given in Table I. 
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For a filament of 1 cm. length, we may 
write: 

log V—log K+0.878 log d—log1=0 (83) 

It was pointed out by Mr. W. G. Baker 
that since 


EV 2) ee ee aa 


it is possible to represent this equation by 
three scales so arranged that corresponding 
values of the functions are represented by 
co-linear points. Further, since J=f,(d) and 
Vs; 1s a function very similar to V,, it is 


TABLE I 
840 DEG. K. 
1 2 3 4 5 6 7 8 9 10 11 12 
: b 
d Bi bi log, Pret log. F + We,/em. Wr/em. |WatWp, Ri/em. qh Vi/em 
ie 2 yoLoT/d : 
00254 453 .909 | 5.86 939 6.799 1.859 1} 00317 Ps OQmt Lane .8042 | 4.478 
0254 702 | 1.429 | 4.025 0939 4.119 2.248 | .0317 2.280 . 1472 3.935 579 
127 953° 25.0383) | 22.742 .0188 2.791 Seen sateye 3.469 . 005888 | 24.26 . 1428 
254 1.086 | 2.426 | 2.265 . 0094 2.274 4.065 | .3174 4.382 .001472/54.6 . 0803 
1045 DEG. K. 
1 ae |, 4. be | 6 7 8 9 16 11 12 13 
| Oe ee | be 7 a 
a] Bem | towege FRE] ted | Wesem.| Wan/ein. | pt | Refom. | Ts | Valom. [Nps 
| | 
00254) .438 | 879 5.85 | 988 | 6.838 Za AO MMOLeyore | PAIL (83253 POUL a Os 22082 
0254 .678 | 1.381 | ° 4.0 | .0988 4.099 | 3.5 . 1066 3.607 2233 3.935 OT 338 
1 PAGE .921 | 1.969 | 2A 4a OLS | ZaLGe a OL ROoS. le ALS 00932 |24.76 2305} .0877 
254 1.05 | 2.354 2220 | .0099 | 2.26 | 6.35 |1.066 7.416 00233 |56.4 1314) .0511 


d=diameter of the wire in cm. 


2) B=film thickness in cm. from equation (16). 


b=2 Bd. 
2 yoLoT 
d 


Column 13, Table I, gives V,, which ex- 
presses the length of the ballasting range in 
volts per cm. length of the filament. 

These values are found to fit the equation: 


V.=K d—0878 (29) 
V,=2.532 d-°-878 (d in mils) (30) 


Similarly, the starting voltage for ballast 
action in volts per cm. length of filament may 
be expressed as: 


or 


V;=4.478 d 0-884 (31) 
or V 
v. =(0.57 q 0.0104 (32) 


=coefficient which corrects for temperature drop around the wire. 


W.-=watts loss by conduction per cm. length of wire from equation (23). 

W,=watts loss by radiation per cm. length of wire from equation (6). 

R=resistance of 1 cm. length of wire at these temperatures. 

I =current necessary to maintain the wire at these temperatures. 

V =voltage drop per cm. length of wire at these temperatures. 

V, =voltage drop per cm. length of wire in passing through the entire ballast range. 


possible to plot these functions beside d and 
V, respectively using a slightly different scale. 

Such a nomogram based on the above cal- 
culations is shown in Fig. 4. To illustrate 
the use of the nomogram, suppose we wish 
to know the length and diameter of iron wire 
to be suspended coaxially in a horizontal 
glass cylinder in order that we may obtain a 
constant current of 1 amp. over a range of 10 
volts. From Scale 1 we see that one amp. 
is the ballast value of current for an iron wire 
2.91 mils in diameter. By placing a straight 
edge through this point and the point corre- 
sponding to ten volts on the left side of Scale 2, 
we read off 10 cm., total length of filament 


ye. 
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for this case, on Scale 3. From the right 
side of Scale 2, we also note that Vs, the start- 
ing voltage for ballast action, is 17.35 for this 
case. Hence a lamp having a single coaxial 
filament of iron wire 2.91 mils in diameter 
and 10 cm. in length would ballast at 1 amp. 
between 17.35 and 27.35 volts. 
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Fig. 4. Nomogram for Use in Designing Single Co-axial 
Filament Ballast Resistors When the Initial 
Pressure of Hydrogen is 100 mm. 


In practice, the starting voltage for ballast 
action is commonly more important than the 
actual length of the ballast range. To illus- 
trate this case, we may design a lamp to begin 
ballasting at 2 amp. and 20 volts. From 
Scale 1, we observe that 5.5-mil. iron wire 
would be used. Placing a straight edge 
through this point on Scale / and the 20-volt 
point on the right side of Scale 2, we read off 


19) J. H. Jeans: ‘Math. Theory of Electricity and Magnet- 
ism,’ Cambridge Univ. Press (1911), page 195. 


21 cm. total length of filament from Scale 3. 
We observe also that 11.6 volts is the value 
of the function V, on the left side of Scale 2 
coincident with the value 20 volts of the 
function V; on the right side of this scale. 
Therefore this lamp would ballast at 2 amps. 
between 20 and 31.6 volts. 

From the intercepts of the ny,,, curves 
at different pressures with the mpr,,, curve 
for iron, we note that the filament tempera- 
ture range for ballast action varies with the 
pressure, though not in a regular manner. 
Obviously other nomograms could be con- 
structed for these cases. 


The Looped Wire Problem 

However, due to practical difficulties, a 
wire coaxial with a cylinder is seldom used 
but rather a looped wire having several equal 
lengths is arranged symmetrically with re- 
spect to the axis of the glass cylinder. In 
this case, an extension of a theory treated by 
J. H. Jeans “) allows us to evaluate the heat 
loss by conduction per unit length of wire 
when the wire has been looped into any num- 
ber of equal lengths (7) symmetrically placed 
with respect to the axis of a cylinder. 

Consider a wire of radius 7, co-axial with 
a cylindrical container of radius a. Let E 
represent the field strength per unit length of 
the wire. 

From Gauss’ Theorem we have the relation 


dV 2e 
Sie ral ss, (34) 


where 7; is the distance between a wire of in- 
finite length and charge +e per unit length, 
and any point in space. 

By integrating we obtain 


V=-—2e log n+C (34a) 


where C is an integration constant which de- 
pends on the boundary conditions for evalu- 
ation. In the case of the cylindrical con- 
tainer which we are considering we set}V =0, 
ate —Caesomulat 


C =2e log.a. (34b) 


Hence V, the potential at the surface of a 
single co-axial wire of radius 7, becomes 


eae loge (35) 
0 


when the boundary condition is so chosen 
that V=0 at n=a. 

Similarly let us consider two wires of equal 
radius ro, symmetrically placed with respect 
to the axis of a cylinder of radius a, so that 
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if 7; is the distance between either wire axis 
and the cylinder axis, 27; represents the dis- 
tance between wire axes. Let EF, represent 
the field strength per unit length of ezther 
wire when two are present as postulated and 
r. be the distance between the axis of either 
wire whose charge is +e, per unit length and 
the axis of its imaginary electrical image of 
charge (—e1) per unit length. 

It may be shown for this case by the method 
of electrical images that when 1 1s large 
compared to ro, 

1 — 7" 
2X1 


represents the potential at any point, 1, (i.e., 
at either wire surface) when two such wires, 
each having a charge +e, per unit length, 
are placed symmetrically with respect to the 
axis of a cylinder of radius a, and each wire 
axis iS a distance 7; from the cylinder axis 
whose surface potential has been postulated 
equal to zero. 
From Maxwell’s Theorem we have 


(36) 


Vi = 2e1 loge 


rm Xn =a (37) 
Substituting =r, in the above equation we 
1 
obtain, 
(2 2 
—r? 
Vie 2ewlog, see (38) 
1>= 4@1 Re On To 


We have seen that 
dV__—2e 


E= GER ETT Ts (34) 
and similarly 
dV _ 2e1 
ee dr aE a 


since 7, the wire radius, has been assumed to 
be the same in the two cases considered, 

Dividing (38) by (35), we obtain the rela- 
tion: 


Vi 
9 9 
ae YS ; 
— J—r, 
log i 
By, 4a) r 2riro 
E V 
a 
loge — 
a) 


Now in any problem in heat conduction we 
may Say, since 
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and the temperature J may be considered 
A Re 
analogous to V, that oe is the temperature 


dx 

gradient from a wire. Further, dT /dx de- 
termines Q, the heat loss by conduction which 
may be expressed in watts per unit length of 
the wire. We postulate further that the wire 
temperature T is the same in both cases con- 
sidered, i.e., the single co-axial wire and the 
two wires symmetrically placed as stated 
above. Hence in the electrical analogy 
V=Vi, so we may write 


H= = 2 (39) 
2 


where W, is the heat conducted per unit 
length from a wire of radius 79 co-axial with a 
cylindrical container of radius a. W,, is the 
heat conducted per unit length from one wire 
when two are present as postulated. 

Similarly when u wires or n equal lengths 
of the looped wire are present and arranged 
symmetrically about the axis of a cylinder of 
radius a and equidistant from the cylinder 
axis, it may be shown that when nr is large 
compared to 79, the heat loss” per unit length 
of one of the lengths of wire in terms of the 
heat loss per unit length of a single co-axial 
wire of the same diameter and operated at 
the same temperature 7» is expressed by 


We, = ~~ (40) 


when the cylinder wall temperature 7, is the 
same in both cases. 
This may be simplified to 


a 
W eee 
H= = (41) 


fi tk 2n 
a a -1| 


Assume T,; =1050 deg. K.=wire tempera- 
ture. 

T,=293 deg. K.=wall temperature. 

709 = 4.45 X10 cm. = wire radius. 

r1=1cm.=distance between any wire axis 
and the axis of the cylindrical container, where 
n=4 and the wires are equidistant from each 
other. 
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For the case of a single co-axial wire of this 
diameter we have seen that W.-=2.834 watts 
per cm. length of filament in 20 cm. pressure 
of hydrogen. 

Now if the radius of the container, a, equals 
4 cm., calculation by means of equation (45) 
shows that 1.275 watts are lost by conduction 
per cm. length of any one length of the 
filament when the filament is looped into 
four equal lengths as_ postulated, i.e., 
H=0.45. 


Similarly with the filament in four equal 
lengths and a=2.0 cm., 1.78 watts are lost by 
conduction per cm. length of one length of the 
filament, i.e., H =0.628. 

It is obvious from these calculations that 
looped wire ballasts would have totally differ- 
ent operating characteristics from those ob- 
tained in the single co-axial filament case. 

The writer extends his thanks to Mr. W. 
G. Baker for much assistance in preparing 
the nomogram. 


The Production of Fluorescence and Phosphor- 
escence by Radiations from the 
Carbon Arc Lamp 


By W. S. ANDREWS 


GENERAL ENGINEERING LABORATORY, GENERAL ELECTRIC COMPANY 


In our February issue we presented an article by Mr. Andrews which discussed the production and char- 
acteristics of cold light. Init was included a tabulation of substances which are capable of emitting visible cold 
light. Two divisions of this tabulation, fluorescence and phosphorescence, form the basis of the present article. 
Mr. Andrews tells here of the very beautiful luminous effects which may readily be produced by the excitation 
of certain substances with specially screened radiation from an ordinary carbon are lamp.—EDITOoR. 


The invisible ultra-violet spectrum has been 
conveniently divided into three regions as 
follows: 

Near region: 
spectrum). 
to 300 mu. 

Middle region: 
300 to 200 my. 

Extreme region: 
200 my and lower. 

Certain compounds, such as zinc sulphide, 
are excited to fluorescence and phosphor- 
escence by a wide range of ultra-violet radia- 
tion, while other compounds, as for example 
salicylic acid and most of its salts, show re- 
sults only in the middle or extreme regions; 
and again, other substances appear to be most 
sensitive to radiation in the near region. 

The high-tension disruptive arc between 
iron terminals is rich in ultra-violet rays of the 
middle region, and it excites very beautiful 


(Meaning near to the visible 
Including wavelengths of 390 


Including wavelengths of 


Including wavelengths of 


o14°--.° 1 oat: 
1 (By a ee, 
( ) One millimicron (or my) 1,000,000 millimeter. 


(2) A full account of the numerous novel and curious effects 
produced by this radiation is given in, a paper, ‘‘Communica- 
tions au Moyen de rayons lumineux,’’ by Prof. R. W. Wood, 
Journal de Physique Théorique et Appliquée, Series 5, v. 9, 
pp. 77-90, March, 1919, and in the many abstracts which ap- 
peared in the Scientific "American and other periodicals at that 
time. 


fluorescent effects in a great many sub- 
stances. The apparatus required for this 
purpose however is not always available, and 
it is also somewhat dangerous if manipulated 
by an unskilled operator, by reason of the 
necessary high voltage. 

Professor R. W. Wood, of the Physics De- 
partment of Johns Hopkins University, was 
the first to discover and demonstrate the 
highly interesting fluorescent effects shown by 
certain substances when exposed to what may 
be termed the “twilight-to-darkness”’ region, 
which includes a band in the dimly visible 
violet and runs into an adjacent band in the 
near region of the invisible ultra-violet. 

Professor Wood produced these rays by 
screening the light of a quartz mercury lamp 
through a special dark glass, the composition 
of which was carefully determined by him for 
this work. The results obtained were inter- 
esting in the extreme, and permitted demon- 
strating the fluorescence of the teeth, the lens 
of the eye, the finger nails, and even the bare 
skin of each individual in a fairly large audi- 
ence. 2) 

Here again, however, the apparatus em- 
ployed is rather expensive, and it also 
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requires expert manipulation for its proper 
exhibition. 

It is, therefore, the purpose of this article 
to describe a substitute apparatus which is 
both simple and safe, and with which many 
fine fluorescent effects may be produced. 

The source of light is an ordinary carbon 
arc lamp, having its large component of visible 
light screened out or absorbed by a suitable 
glass filter. The lamp 1s enclosed in a ven- 
tilated light-tight box having a window about 
six inches square cut in one side, into which 
is fitted a plane square filter of ‘‘red-purple 
ultra” glass.®) This glass is nearly opaque 
to visible light, as it transmits only a band in 
the extreme red and another in the extreme 
visible violet. 

The rays that pass through this filter (not 
including the band in the extreme red) are of 
that shadowy borderland, termed the ‘‘near 
region,’’ which includes barely perceptible 
visible light together with a band of the first 
invisible ultra-violet. Thus the fluorescent 
effects which the invisible rays will produce 
are not masked and over-powered by any 
bright visible light. By increasing the thick- 
ness of the filter, the extreme red rays may be 
completely eliminated, but in this case a 
more powerful arc is desirable to compensate 
for the increased absorption at the violet end 
of the spectrum. The writer has found, how- 
ever, that a carbon arc of only 5 or 6 amp. will 
produce very beautiful fluorescent effects 
on the following compounds, when its light 
is screened through a single thickness of the 
red-purple ultra glass. ®) 


Some Fluorescent Substances ‘ 

Vaseline shows a light blue fluorescence, 
especially the purest kind that is used in 
surgery and sold in tubes of flexible metal. 
Other grades of vaseline, and in fact nearly 
all of our native hard and soft mineral fats 
fluoresce more or less brightly in colors rang- 
ing from blue to white. 

Vaseline can be conveniently dissolved in 
carbon tetrachloride (which is non-inflamma- 
able) and fabrics may be saturated with the 
solution. The liquid will evaporate quickly 
leaving a coating of vaseline on the fabric 
which, though invisible under ordinary light, 
will fluoresce under the screened rays. 

A valuable use for this filtered light has been 
found in detecting the adulteration of vegeta- 


(3) Made by the Corning Glass Works, and listed as G-586-A. 


(4) An interesting account of the work is given in his paper 
‘A Novel Method for Detecting Mineral Oil and Resin Git in 
Other Oils,"’ Proceedings of the American Society for Testing 
Materials, Vol. XI, 1911, pp. 650-664. 
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ble and animal oils (such as linseed, castor, 
and lard oils) with cheap mineral oil, as a very 
small amount of the latter imparts a fluor- 
escence to them which the pure vegetable 
and animal oils do not possess. 

Dr. Alexander E. Outerbridge, Jr., was the 
discoverer of this simple but positive method 
for testing the purity of these vegetable oils.“ 
In his experiments on this subject, Dr. Outer- 
bridge used an unscreened carbon are. Much 
clearer and brighter effects are produced, 
however, by screening the light as previously 
described. 

Anthracene is a solid hydrocarbon (CsH,)2 
(CH). which accompanies naphthaline in the 
last stages of the distillation of coal tar. 
It is freely soluble in hot carbon tetrachloride, 
and if white blotting paper or cotton cloth is 
soaked in the warm solution and dried it will 
fluoresce a bright blue under the screened 
tays. Still brighter effects may be produced 
by grinding the anthracene, with a thin solu- 
tion of gum arabic and sugar in water, to the 
consistency of cream, and using it as a paint. 
A few drops of alcohol added to the mixture 
will facilitate the operation of mixing and 
grinding. 

Sublimed Anthracene shows a fine green 
fluorescence and may be treated as just 
described. The addition of a little alcoholic 
solution of rhodamin KY during the grinding 
process will impart a red color to the mixture 
when seen by ordinary light, but when the 
mixture is made in proper proportions it will 
appear almost pure white under the filtered 
rays. Different fluorescent shades of color, 
ranging from light green through white to a 
light pink, may be obtained by varying the 
amount of rhodamin used. 

Rhodamin KY may be added to a clear 
solution of bleached shellac in alcohol, and 
applied to paper or woven stuff and dried. 
The fluorescence will vary in shade from 
orange to dark red, according to the amount 
of rhodamin in the solution. 

Fluorescein, Eosine, and some other syn- 
thetic dyes also show various shades of orange 
and yellow fluorescence when treated like 
rhodamin. 

Uranium Glass and most of the uranyl 
salts have a bright green fluorescence. The 
glass may be finely powdered so as to pass 
through a 200-mesh sieve and applied as a 
paint. Some of theless solubleurany] salts, such 
as the fluoride, can also be used in this way. 

Platinum-Barium Cyanide as used for 
fluorescope screens in x-ray work shows a very 
bright green luminescence. 
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Some Fluorescent and Fhosphorescent Substances 

All the compounds hitherto described 
exhibit fluorescence, but no phosphorescence 
or afterglow. The following are some com- 
pounds which combine these two effects. 

Zinc Sulphide in certain forms is strongly 
fluorescent, chiefly in shades of orange, 
yellow, and green. These zinc sulphide prep- 
arations also generally show a bright phos- 
phorescence of similar color. They can be 
finely powdered and used as paints, as pre- 
viously described. 

Barium Sulphide, when properly prepared, 
will fluoresce with a rich orange yellow, and 
it will have a fairly persistent afterglow of the 
same color. 

Strontium Sulphide displays a greenish 
yellow fluorescence and an afterglow of a simi- 
lar color. 

Calcium Sulphide is known in the trade as 
“Balmain’s Luminous Paint.’’ A weak 
red-violet fluorescence is shown by this 
compound but its afterglow is fairly bright 
blue and very persistent, though it gradually 
fades to a whitish color. 

If the dark glass screen is withdrawn, and 
the full intensity of the arc is thrown onto any 
of these sulphides, their fluorescence will be 
masked and overpowered, but the phosphor- 
escence thus excited will be very much 
brighter than when they are acted on through 
the screen. Particularly is this the case with 
- calcium sulphide, for it will sometimes glow 
for hours in a dark room after exposure. 
There is however a considerable difference in 
the behavior of all these sulphides, owing to 
the varied treatment in manufacture and the 
relative purity of their ingredients. 

Various Solutions put up in clear glass 
bottles or test tubes also glow with many 
bright fluorescent colors under the filtered 
rays, such as: 

Dissolved in 


Magdala Red alcohol Red Orange 
Rhodamin KY alcohol Orange 
Fluorescein & 
Rhodamin water Yellow 
water Yellow Green 


Fluorescein 


(5) Care must be taken to protect the eyes with colored 
glasses when operating the unscreened arc lamp. 


Dissolved in 


Uranine water Yellow Green 
Esculine water Blue 
Esculine & 

Rhodamin water Violet 


By varying the strength and proportions of 
the different mixtures, an endless variety of 
beautiful fluorescent shades may be produced; 
but in all these cases the colors exist only in 
the solutions for the dry chemicals are not 
responsive. 

Natural teeth show a clear white fluor- 
escence, but artificial teeth appear almost 
black. Natural teeth are composed largely of 
calcium phosphate which in this condition is 
responsive to the rays, but artificial teeth are 
made of porcelain which is not sensitive. For 
the same reason ivory and bone exhibit a 
white luminescence, and also, to a less extent, 
the finger-nails. Even the clean bare skin 
shows a pale fluorescence. 

It appears, however, that in all of these 
cases the fluorescence is caused by some 
organic constituent, since pure calcium phos- 
phate is unresponsive. If ivory or bone is 
heated to redness, so as to decompose and 
drive out all organic compounds, sensitivity 
to the rays is lost. Boiling in water, however, 
for an indefinite time does not produce any 
effect, neither does prolonged soaking in 
alcohol. Digestion in weak sulphuric acid, 
however, dims the fluorescence and weak 
hydrochloric acid almost destroys it. 

White silk is brightly fluorescent, but most 
cotton or linen fabrics are only weakly so. 
In this way white mercerized cotton, which 
may have the appearance of silk, may be 
positively identified. Some samples of white 
paper also show fluorescence, while other 
samples do not. 

In 1912, Dr. M. Alexander McDermott 
kindly presented to the writer a small sealed 
bottle containing an aqueous extract of fire- 
flies (Photinus pyralis). This liquid is only 
weakly luminescent under radiations from the 
iron spark, but under the screened rays of the 
carbon arc it shows a fine blue fluorescence. 

As ordinary glass is transparent to these fil- 
tered rays any substance contained in a clear 
glass bottle can be conveniently investigated. 
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The Increase in Thermal Efficiency Due to 
Resuperheating in Steam Turbines 
By W. E. Btowney and G. B. WARREN 


TURBINE ENGINEERING DEPARTMENT, GENERAL ELECTRIC COMPANY 


Experience has shown that as the ratio of the number of stages of a turbine operating in the superheat 
region to the number operating in the moisture region is increased, the actual thermal efficiency is improved 
at a rate farin excess of the theoretical value. The authors of this article have made a careful study of 
the situation based on a large number of tests, and report that the heat input of a turbine installation may 
be decreased from six to seven per cent by resuperheating the steam between stages. It may even prove 
advantageous to resuperheat several times. In these days of the extreme importance of small increments 
of efficiency, the information which the authors give is of such great interest as to lead us to reprint it from 
the Journal of the American Society of Mechanical Engineers.—EDITOoR. 


Introduction 

The primary purpose of the present article 
is to set forth the analysis of the data avail- 
able to the writers relative to the increase in 
turbine efficiency with increased initial super- 
heat, and to apply such analysis to a deter- 
mination of the probable gain due to resuper- 
heating in high-pressure turbine installations. 
In connection with this, the resulting resuper- 
heat cycles have been combined in two 
instances with regenerative or steam-extrac- 
tion feedwater-heating cycles and an analysis 
made of the combined gain in efficiency. 

It has been recognized for a long time that 
whatever gain would result from resuperheat- 
ing was, inthe main part, due to the increase in 
the stearmn-turbine efficiency resulting from the 
greater superheat and reduced moisture con- 
tent of the steam in the turbine rather than to 
the thermodynamic improvement of the heat 
cycle. 

The data relative to the gain in turbine 
efficiency with increased initial superheat are, 
on the whole, not as complete as might be 
desired, particularly on large turbines, since it 
is difficult to vary the initial superheat over a 
satisfactory range in the average power sta- 
tion. In the main part, it has been necessary 
to base the present series of calculations upon 
tests on turbines of from 2500 to 10,000 kw. 
capacity, but very complete tests are avail- 
able at low initial pressures and fairly com- 
plete tests are available at moderately high 
pressures at these capacities. 

The data seem to point to the conclusion 
that the slope of a superheat-efficiency curve 
is almost independent of the type of turbine. 
This is borne out by published superheat- 
efficiency curves on other machines which 
agree very closely with the data that have 
been used. 

The superheat-efficiency curves available to 
the writers have been plotted in comparison, 


graphically averaged to give curves of repre- 
sentative slope, and then these average 
curves have been analyzed on such a basis as 
to make the results available for determining 
the increase in the turbine efficiency due to 
resuperheating. This, when combined with 
the increase in the thermal efficiency of the 
heat cycle, gives the overall improvement in 
turbine heat consumption which can reason- 
ably be expected. 


Definitions 

In this article improvements in the heat 
consumption of a turbine will be spoken of as 
percentage improvements in the thermal 
efficiency. - For example: A 10 per cent 
change in a thermal efficiency which, let us 
say, is 30 per cent to begin with, would mean 
that the improved efficiency is 33 per cent. 
Percentage changes in the efficiency ratio of a 
turbine or turbine stage are taken in the same 
sense. | 

The following terms are used as defined: 

Thermal efficiency of turbine: The ratio 
between the heat equivalent of the output of 
the turbine at a prescribed point and the total 
net heat input into the turbine. 

Turbine efficiency: The ratio between the 
heat equivalent of the output of the turbine at 
a prescribed point and the adiabatic available 
energy between the pressure and temperature 
limits through which the turbine works. 

Turbine output: Throughout this article, 
for the sake of simplicity, unless otherwise 
specified, the turbine output has been as- 
sumed to be the output at the turbine wheel 
hubs and the efficiencies have been based on 
this value. The losses due to the bearings, , 
high- and low-pressure packings, generator, 
etc., have thus been excluded and the leaving 
velocity loss has been assumed to be zero, 
since these vary with each installation and 
design. 
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Fraction of Adiabatic Drop at Which Re- 
superheating Takes Place: ‘This value is the 
ratio of the adiabatic drop which takes place 
before resuperheating as compared to the total 
adiabatic heat drop from the initial to the 
final pressures along the initial entropy line. 


Assumptions Used in Analysis of the Gain in Turbine 
Efficiency with Increased Initial Superheat 

Curve A-3, Fig. 1, shows a typical turbine- 
efficiency-initial-superheat curve. The im- 
provement in the turbine efficiency as the 
superheat increases is due to an improvement 
in the individual stage efficiency and to an 
improvement in the reheat factor R with 
increasing initial superheat. 


Y 


> 


Turbine Efficienc 


Initial Superheat 


Fig. 1. Typical Superheat Turbine- 
efficiency Curves 


A modern turbine is made up of a number 
of individual stages, each stage taking a part 
of the pressure drop, and thus a part of the 
heat or energy drop. It would be thought at 
first that the efficiency of the complete tur- 
bine would be the weighted average (weighted 
according to the heat drop taken per stage) 
of the individual stage efficiencies. Such, 
however, is not quite true. Since each stage is 
less than 100 per cent efficient, a certain 
amount of energy is lost in each stage and is 


- thus reconverted into heat which is used in 


“‘reheating”’ the steam. This reheating of the 
steam in each stage thus makes a greater 
amount of energy available in the succeeding 
stages, since it increases the entropy and the 
total heat. Therefore, the summation of the 
adiabatic energy drops of each stage is always 
greater than the adiabatic energy drop over 
the entire machine. Expressed in symbols, if 
1,=initial total heat in the steam per lb., 
and if 
12 = final total heat in the steam after adia- 
batic expansion from 72, to the final 
back pressure, then 


11)—12=the available energy in B.t.u. per Ib. 
of steam, and if 
Ai =the fraction of the heat drop available 
for a single stage, then, on account of 
the reheating mentioned above, 
where RF is the so-called ‘‘reheat factor.’’ Let 
W =the work done in the turbine in.ft. Ib. 
per lb. of steam and 
A= =o or heat equivalent of 1 ft. lb. 
Then the turbine efficiency will be 
m=AW |(i:—12) (2) 
and we might define the average individual 
stage efficiency as 


ns=AW/ DAi (3) 
But from equation (1) 
AW AW 
ite rae (4) 
therefore, 
i Rns (5) 


R is always greater than unity since the return 
of heat to the steam due to the losses in the 
machine always makes YAz greater than 1; — 12. 

In general, for a given ratio of initial and 
final pressures, the greater the proportion of 
the machine in the superheat region, the 
greater the value of R. (See Fig. 4.) 

If, therefore, the stage efficiency n; remains 
constant as the initial superheat increases, the 
turbine efficiency will follow some such line as 
A-2 in Fig. 1. The difference between the 
curve A-2 and the actual curve A-3 must then 
be due to an increase in the average stage 
efficiency. 

There is reason to believe from data avail- 
able that there is practically no change in the 
individual turbine stage efficiency with in- 
crease in the average superheat of the steam 
in the stage. The change in the average stage 
efficiency with superheat must then be due to 
the change in the stage efficiency with change 
in the moisture content of the stages in the 
moisture region. The method of analysis, 
therefore, to find the average correction to 
apply to the stage efficiency, is to correct for 
the moisture content in the stage on the 
assumption that the expansion takes place in 
thermal equilibrium, and that the reduced 
efficiency with increased moisture content is 
due to the mechanical effect of the moisture 
in the steam. This method then involves no 
assumption regarding the probable degree of 
supersaturation of the steam during the 
expansion. 
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The writers are fully aware of the possi- 
bility, as brought out by H. M. Martin® and 
Prof. H. L. Callendar,® that a part of the 
improvement in turbine efficiency with in- 
creased superheat may be due to super- 
saturation, particularly since supersaturation 
or failure of the steam to condense and so give 


43 ‘ ] — 
WSO TB ag eN 
a | = PL? ag + 
° i | 1000 » |. : Ly, of 2 
re She “S35, 
24 : S 
% 750 \w oat “ 
é ~p 
2 
2 | 
ra 500 > i 
2 39 = 
g 
2 |) Ne 4 
tt 
w 
ey + 
9 250 2 |p nnn 
o 
x 
= 
35 
0 010 0.20 


0. 040 0.50 0.60 
Fraction of Adiabatic Drop at which Resuperheating takes Place (Theoretical) 


Fig. 2. Theoretical Thermal Efficiency of Heat Cycles at 
Different Initial Pressures and at Different Points of Re- 
superheating. (Turbine Efficiency 100 Per Cent) 


(Initial and resuperheating temperature 750 deg. F. Back 
pressure 1 in. Hg abs.) 


up its latent heat during expansion is known 
to exist to a certain extent in the extremely 
rapid expansion of steam in turbine nozzles. 
The exact extent of such supersaturation in 
turbines is, however, unknown to the writers 
at present; and, so far as can be seen, the 
results of the present analysis, when applied 
to the resuperheating problem, would not be 
different had the probable degree of super- 
saturation been considered. 


Data Available and Its Analysis 


Approximately twenty complete superheat 
efficiency curves were available. These had 
been obtained on ten different turbine com- 
binations. The machines were all of the 
multi-stage impulse type, the initial pressures 
ranged from 60 to 200 lb. per sq. in. absolute, 
and the back pressures were all 114 in. Hg. 
absolute. These curves have been obtained at 
constant speed, but at many different points 
on the speed curves of the different machines. 
The tests were in many cases made practically 
under laboratory conditions. 

In using these data in connection with a 
determination of the gain due to resuperheat- 
ing, 1t was necessary to consider that in case a 
turbine was designed for a resuperheating 
installation, a greater amount of bucket speed 
would be put into the machine to take care of 


QO) “A and Theory of the Steam Turbine,” Engineering, 


Vol. 106, p. 1. 
(?) “Properties of Steam.”’ 
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the increased available energy and to keep the 
ratio of the bucket speed to jet speed constant. 
Therefore, the superheat-efficiency curves 
had to be corrected to such a basis that the 
ratio of bucket speed to steam-jet speed was a 
constant. That is, it was assumed that the 
turbine was speeded up in proportion to the 
square root of the increased available energy 
as the superheat increased. This necessitated 
speed curves at constant superheat on the 
different machines, in order to make such 
corrections. These speed curves were avail- 
able in most cases. 

When these speed corrections had been 
made, the slopes of the curves with 60 lb. per 
Sq. in. initial pressure and those with 200 lb. 
per sq. in. initial pressure were averaged 
separately. Then by a cut and try process, 
an average stage efficiency and a correction 
for moisture were obtained which, if applied 
together with the correct reheat factor, which 
had been previously calculated, enabled 
calculated superheat efficiency curves to be 
obtained. These calculated curves coincided 
with the average test curves to within a 
fraction of 1 per cent throughout the entire 
range of superheat from 0 to 300 deg. F. 
superheat at both initial pressures. The cor- 
rection for moisture came out in each case to 
be 1.15 per cent decrease in the turbine stage 


Turbine Efficiency = 100 Per Cent. 


Theoretical Gain over No Resuperheoting on Efficiency, Per Cent. 
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Fig. 3. Theoretical Gain in Efficiency of Heat Cycles Due 
to Resuperheating at Different Points and for 
Different Initial Pressures 


(Initial and resuperheating temperature 750 deg. F. Back 
pressure 1 in. Hg abs.) 


efficiency for each 1 per cent increase in the 
average moisture content in the stage. As an- 
example, if the stage efficiency when operat- 
ing with superheated steam were 85 per cent, 
with 10 per cent moisture in the steam it 
would be 


0.85(100—-1.15 X10) = 75.2 per cent 


RESUPERHEATING IN STEAM TURBINES 665 


This value of 1.15 per cent decrease in stage 
efficiency with each 1 per cent increase in the 
moisture content has been used in the follow- 
ing analysis of the gain due to resuperheating. 

The value of 1.15 per cent change in stage 
efficiency agrees very closely with the 1 per 
cent change per 1 per cent change in moisture 
content given by K. Baumann, and differs 
in the right direction, since the value obtained 
here is on the basis of a change in turbine 
speed to correspond with a change in the 
superheat. 


Application To Resuperheating 

Before applying the preceding analysis to 
the calculation of the gain in turbine efficiency 
due to resuperheating, it was necessary to 
calculate the theoretical thermal efficiencies 
of the resuperheating cycles which were to be 
studied and to determine the percentage gain 
in each case over the corresponding cycle 
without resuperheating. The resulting curves 
are given in Figs. 2 and 3. It will be noted 
that the theoretical savings shown in Fig. 3 
are comparatively small, the maximum being 
3.9 per cent on the 250-lb. curve, and the gain 
decreasing as the initial pressure increases. 

After determining the correction of 1.15 
per cent change in efficiency per 1 per cent in 
moisture content discussed in the preceding 
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Fig. 4. Reheat Factors for an Infinite Number of Stages 
at Various Initial Pressures, Initial Temperatures 
and Stage Efficiencies 


(Back pressure 1 in. Hg abs.) 


paragraphs, it was necessary to make certain 
assumptions regarding the variations in the 
dry-stage efficiency, and to determine the 
proper reheat factors to be used with the 
various steam conditions used in the calcula- 


(3) “Some Recent ee ap ce in Large Steam Turbine 
Practice,’’ Jour. Inst. E. E., Vol. 59. 565. 


tions. By dry-stage efficiency is meant the 
efficiency of a turbine stage where the steam is 
dry or superheated. 

In general, the higher the pressure in a stage, 
the lower will be its efficiency due to the 
necessarily smaller nozzles and buckets and 
to the higher rotation and packing losses. 
Inasmuch as the stage efficiency is largely a 
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Fig. 5. Reheat Factors for an Infinite Number of Stages at 
Various Initial Pressures as Function of the 
Adiabatic Energy Drop 


(80 per cent stage efficiency, 750 deg. F. initial temperature.) 


matter of design, two assumptions were 
made regarding “its variation with pressure: 
(1) That the dry-stage efficiency decreased in 
a certain manner as the pressure increased, 
and (2) that the dry-stage efficiency was 
constant throughout the turbine. As will be 
noted in later paragraphs, the results obtained 
using these two assumptions differ slightly. 

Due to the fact that the curves given in 
this paper do not include last-stage leaving 
losses, bearing losses, high- or low-pressure 
packing losses, or generator losses, all thermal 
efficiency curves should be considered as 
being relative and not absolute in value. 

The reheat factors which were used are 
givenin Figs. 4 and 5. In both of these sets of 
curves the reheat factors are for a turbine 
having an infinite number of stages. A tur- 
bine having from fifteen to twenty stages will 
have a reheat factor in which the part greater 
than unity will have a value approximately 
0.9 of the value with an infinite number of 
stages. This factor of 0.9 was used in all 
calculations. 

It will be noted also that the reheat factor 
curves given in Fig. 5 are all on the basis of an 
80 per cent stage efficiency. 

In order to obtain the reheat factor for 
efficiencies other than 80 per cent, the follow- 
ing approximation was used: 

If x =R’—1, where R’ is the reheat factor 
for an infinite number of stages at 80 per cent 
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stage efficiency, it was assumed that the part 
x was proportional to the difference between 
100 per cent and the per cent stage efficiency, 
which is very nearly true. These assumptions 
then make the reheat factor used 


R=1+0.9 (R’—1.0) (Co) 


where RF is the reheat factor used and 7; is the 
average stage efficiency in per cent. 
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Fig. 6. Thermal Efficiency of Turbine for Various Initial 
Pressures as Function of Point of Resuperheating 


(Initial and resuperheating temperatures 750 deg. F. Back 
pressure 1 in. Hg abs. Variable stage efficiency as a function of 
Stage pressure. No pressure drop in resuperheater.) 


Results 


Figs. 6 and 7 show the thermal efficiencies 
obtained for different points of resuperheating 
for the variable and constant dry-stage 
efficiency assumptions and with 250, 500 
750, 1000 and 1250 lb. per sq. in. absolute 
initial pressure and an initial and resuperheat 
temperature of 750 deg. F. These curves 
include the improvement in the turbine 
efficiency due to resuperheating and were 
obtained as follows: 

. Where the portion of the turbine under 
consideration was entirely in the superheat 
region, the end point D (see Fig. 8) was 
determined by multiplying the average stage 
efficiency by the reheat factor and subtracting 
the product of the result times the heat drop 
AC from the initial total heat A. Where a 
portion of the part of the turbine under con- 
sideration was in the moisture region, such as 
shown by the line EH, a “cut and try” 
process had to be used. An assumption was 
made regarding the location of point H and 
the per cent moisture at this condition was 
noted. It was assumed that the average 
moisture content per stage of the part of the 
machine in the wet region was one-half the 
final moisture content at H. Using the 1.15 
per cent moisture correction previously de- 
scribed and the assumed dry-stage efficiencies 
under consideration, the efficiency of that 
portion of the machine in the moisture region 
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was calculated. On the assumption that the 
state curve from E to H was a straight line 
and weighing the efficiencies in the wet and 
dry portion of the machine according to the 
energy drops b and m in the wet and dry 
portions of the turbine respectively, the 
average stage efficiency from E to H was 
determined. The turbine efficiency was 
obtained by multiplying this by the proper 
reheat factor obtained from Fig. 4 and the 
formula previously given for R. Knowing 
this value, the closeness of the first approx- 
imation to the location of H was checked. 
Two or three approximations were usually all 
that were necessary to locate H. It was recog- 
nized that the assumption of a straight-line 
state curve between F and H was slightly in 
error, but it was not serious enough to affect 
the final results to any appreciable extent. 


Increase in Thermal Efficiency of the Turbine with 
Resuperheating 

Figs. 9 and 10 were obtained from Figs. 6 
and 7 respectively by subtracting the thermal 
efficiency without resuperheating from the 
thermal efficiency with resuperheating at a 
given point and at a corresponding initial 
pressure, and dividing the difference by the 
thermal efficiency without resuperheating. 
These curves show the order of magnitude of 
the percentage gain in thermal efficiency due 
to resuperheating. No account has been 
taken of the pressure drop in the resuperheater 
and ccnnected piping, as this will, of ccurse, 
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" 0 0.10 0.20 0.30 « 0.40 0.50 0.60 
Fraction of Adiabatic Drop ot which Resuperheoting takes Place 
Fig. 7. Thermal Efficiency of Turbine for Various Initial 
Pressures as Function of Point of Resuperheating 


(Initial and resuperheating temperatures 750 deg. F. Back 
pressure 1 in. Hg abs. Constant stage efficiencies. No drop in 
pressure in resuperheater.) 


depend upon the particular design. Such" 
drop will probably reduce the gain by \% to 
34 of one per cent. 

It is interesting to note that the gain, 
considering the change in turbine efficiency, 
is greater at the higher initial pressures, 
whereas the theoretical gain shown on Fig. 3, 


OE ee eae) Se 


li i a i 


RESUPERHEATING IN STEAM TURBINES 667 


considering the heat cycle alone, is lower at the 
higher pressures. This is due to the fact that 
a greater portion of the turbine is operating in 
the moisture region with the high initial pres- 
sures and so is susceptible of greater improve- 
ment. 

It should also be noted by reference to Fig. 
15 and in conjunction with Figs. 6, 7, 9 and 10 
that the best point for resuperheating comes 
at approximately one-fifth to one-sixth of the 
initial pressure. This gives resuperheating 
pressures for initial pressures of 500 lb. per sq. 
in. and more, which do not require resuper- 
heating piping of excessive size. 

The greater gain shown by the assumption 
that the dry-stage efficiency decreased with 
increasing pressures in the stage is due to the 
fact that the gain in turbine efficiency from 
superheating is greatest in the low-pressure 
end where the efficiency is the highest under 
the variable efficiency assumption. This 
results in a greater improvement than on the 
assumption of a constant stage efficiency. 
The variable stage efficiency is the more 
probable condition, considering the design of 
present-day machines. 
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Fig. 8. Typical Expansion Lines on 
Mollier Diagram 


In crder to determine the effect of different 
initial and resuperheat temperatures upon the 


gain in thermal efficiency, a set of calculations 


was made on the assumption that the initial 
and resuperheat temperatures were varied 
from 750 deg. F. (corresponding to the 
other calculations) to 550 deg. F. total 
temperature. The initial and resuperheat 
temperatures were assumed equal in all 
calculations, and the point of resuperheating 
was taken at a ratio of 0.355 of the adiabatic 
drop for the 750 deg. F. condition with 
1000 lb. per sq. in. absolute initial pressure. 


This put the resuperheating pressure at 
150 Ib. per sq. in. absolute. The results of 
this calculation are shown on Fig. 11, and 
show that the percentage gain in thermal 
efficiency is approximately constant at this 
resuperheating pressure irrespective of the 
maximum temperature of the cycle so long as 
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Fig.9. Per Cent Gainin Thermal Efficiency of Turbine Due 
to Resuperheating as a Function of Fraction of Adia- 
batic Drop After Which Resuperheating Takes Place 


- (Initial and resuperheating temperatures 750 deg. F. Back 
pressure 1 in. He abs. Variable stage efficiency as function of 
stage pressure. o drop in pressure in resuperheater.) 


the resuperheating temperature equals the ini- 
tial temperature. This is in marked contrast 
tothe theoretical gain withincreased initial and 
reheat temperature, as also shown in Fig. 11. 
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Fig. 10. Per Cent Gain in Thermal Efficiency of Turbine Due 
to Resuperheating as a Function of Fraction of Adia- 
batic Drop After Which Resuperheating Takes Place 


(Initial and resuperheating temperatures 750 deg. F. Back 
pressure 1 in. Hg abs. Constant stage efficiency. No pressure 
drop in resuperheater.) 

Fig. 12 shows comparative curves giving 
the per cent gain in thermal efficiency when 
reheating or resuperheating at various frac- 
tions of the adiabatic drop, with initial tem- 
peratures and resuperheat temperatures of 
750 deg. F. in one case, and in the other case 
equal to the temperature of saturated steam 
at the 1000 lb. per sq. in. absolute initial 
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pressure. These curves show that the fraction 
of the adiabatic drop at which it is best to 
resuperheat is slightly changed by the initial 
and resuperheating temperature, and that 
the maximum possible gain is somewhat 
greater in the case of the lower initial and 
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Initial and Resuperheat Temperature, Deg.Fahr: 
Fig. 11. Thermal Efficiency of Turbine and Per Cent Gain 
Due to Resuperheating as Function of Initial and 
Resuperheating Temperature 


(Initial and resuperheat temperatures equal. 1000 lb. per 
sq. in. abs. initial pressure. Reheating at 150 1b. per sq. in. abs. 
Back pressure 1 in. Hg abs. No drop in pressure in resuper- 
heater. Broken line at top of figure gives calculated percentage 
improvement of thermal efficiency of turbine due to resuper- 
heating.) 
resuperheating temperature. These curves 
indicate that the best point for resuperheating 
is not necessarily the point at which the steam 
in the high-pressure turbine loses its super- 


heat, as is quite commonly believed. 
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Fig. 12. Comparative Gain in Thermal Efficiency of Tur- 
bine Due to Resuperheating with Two Different Initial 
Temperatures at 1000 Lb. Per Sq. In. Abs. Initial 
Pressure and 1 In. Hg Abs. Back Pressure 


(No drop in pressure in resuperheater.) 


Increase in Thermal Efficiency of Turbine as a 
Result of Multiple Resuperheating 

_ If it is advantageous to resuperheat once, it 

immediately becomes apparent that it might 

be more advantageous to resuperheat more 

than once. The complication of such an instal- 
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lation would of course be very considerable, 
but the first thing is to find out the probable 
gain which might result in order to determine 
whether such multiple resuperheating would 
pay, economically, considering the increased 
complication and investment involved. 

The calculations necessary to a determina- 
tion of the gain with multiple resuperheating 
taking into account the increase in turbine 
efficiency resulting from the reduced moisture 
content in the turbine, become quite laborious, 
if made following the same system as that 
used in the single resuperheating calculations. 
A system was worked out, however, whereby 
it was possible to obtain the gain due to 
multiple resuperheating from the results of 
the calculations for a single stage of resuper- 
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Fig. 13. Comparative Gain in Thermal Efficiency Due to 
Using One or More Stages of Resuperheating 

(No drop in pressure in resuperheater. 1000 lb. per sq. in. 
abs. initial pressure. Each resuperheating to 750 deg. F_ Final 
back pressure 1 in. Hg abs.) 
heating. The results of this calculation are 
shown in Fig. 13. If it is assumed that the 
drop in steam pressure in the resuperheaters 
and connected piping can be made so low as 
to reduce the available heat only one-half of 
one per cent for each resuperheating (this is 
somewhat lower than present practice), the 
net gains resulting from one or more resuper- 
heatings will be as shownin Fig. 14. It can 
then be seen that the gain in going from two 
to three stages of resuperheating becomes so 
slight as to offer slight inducement to accept 
the increased complication and expense in- 
volved. Theincreaseinefficiency resulting from* 
tworesuperheatings as compared to one might, 
however, warrant such an installation in the 
case of very large high-pressure base-load units. 

Fig. 15 shows the relation between the 
initial pressure, fraction of the adiabatic drop 
at which resuperheating takes place, and the 
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resuperheating pressure, and will be of value 
in interpreting the results given in the pre- 
ceding pages. 


Effect of Resuperheating Upon Exhaust Conditions 

and Turbine Capacities 

Fig. 16 shows several factors in the exhaust 
conditions of a turbine plotted as a function 
of the fraction of the adiabatic drop before 
resuperheating. The particular curves of 
interest are those showing the variation 
of the total heat rejected to the con- 
denser and the variation in the leaving 
loss of the turbine as the point of resuper- 
heating is changed. The curves have been 
calculated for both the 1000 lb. per sq. in. 
and the 500 lb. per sq. in. initial conditions. 
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Fig. 14. Probable Actual Comparative Gain in Thermal 
Efficiency Due to Using One or More Stages of 
Resuperheating 


(One-half of one per cent reduction in economy assumed for 
each resuperheating due to pressure drop in resuperheater_and 
connected piping. 1000 1b. per sq. in. abs. initial pressure. Each 
resuperheating to 750 deg. F. Final back pressure 1 in. Hg abs.) 


Curves 2 and 6in Fig. 16 show that, per kw. of 
output, the heat rejected to the condenser 
when resuperheating at 0.35 of the adiabatic 
drop is approximately 89 per cent of what it 
would be without resuperheating. This means 
that the condenser can be 11 per cent smaller 
for any given capacity. 

Curves 4 and 5 in Fig. 16 show the reduc- 
tion in leaving loss of a turbine of any given 
capacity with any given last-stage wheel as 
the point of resuperheating is changed. These 
curves show that the exhaust loss with resuper- 
heating becomes 65 to 67 per cent of what it 
would be at the same capacity and for the 
same last-stage wheel but without resuper- 
heating. This is due to the reduced steam 
volume in the last stage per unit of 
output, as shown on Curve 3 in Fig. 16, and 
to the higher heat drop per pound of working 
fluid. 


The reduction in leaving loss has not been 
credited to the machine in the analysis of the 
gain due to resuperheating, since in most 
cases advantage is taken of this fact to 
increase the capacity of the turbine. Since 
for any given capacity the percentage leaving 
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Fig. 15. Relation Between Pressure of Resuperheatinz 
and Fraction of Adiabatic Drop at Which Resuper- 
heating Takes Place 


loss is only 0.65 of what it would be without 
resuperheating, the capacity of the turbine 


could accordingly be increased to - OT 
65 

1.24 times what it would be with no resuper- 

heating and with the same percentage leaving 


loss. 
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Fig. 16. Various Factors as Function of Point at Which 
Resuperheating Takes Place 


(Unless otherwise noted on curve, initial pressure 1000 lb. per 
sq. in. abs.) 


Gain Due to Combined Reheating and Steam 
Extraction Regenerative Cycles 
There appears to be no practical difficulty 
in the way of extracting superheated steam 
from a turbine for use in a closed or open 


heater for feedwater heating purposes. It has 
been thought of value, therefore, to investigate 
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whether both the resuperheating and regen- 
erative cycles could be used together, so as to 
obtain the sum of the two gains of the cycles 
when used separately. It has been found that 
under the conditions which would probably 
obtain, the total gain in thermal efficiency of 
the combination is equal to practically 95 per 
cent of the sum of the gains in efficiency when 
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Fig. 17. Curves Showing Comparative Thermal Efficien- 
cies of Turbines Without Resuperheating and with Steam 
Extraction for Feed Heating in Three Steps and of 
Turbines with Both Resuperheating and 
Extraction 


(Initial pressure 515 lb. per sq. in. abs. Resuperheating at 
150 lb. per sq. in. abs. Initial and resuperheating temperatures 
750 deg. F. Back pressure 1 in. Hg abs.) 


used separately. This is on account of the 
very small proportion of the heat in the 
extracted steam which is due to the superheat. 

Figs. 17 and 18 show such combinations. 
The curves in these two figures have been 
calculated under somewhat different turbine 
efficiency assumptions and steam conditions, 
and so are not mutually comparable. The 
curves in each figure are, however, strictly 
comparable. 

- Fig. 17 shows a resuperheating and a non- 
resuperheating cycle with steam extracted at 
three equally spaced points for heating the 
feedwater in both cases. The curves were 
made so as to show the gain in each case when 
heating the feedwater to different tempera- 
tures. The feedwater heating calculations were 
made on an ideal basis assuming no tem- 
perature drop, no pressure drop and contra- 
flow conditions in the heaters so that the drip 
from each heater left the heater at the tem- 
perature of the incoming feedwater. The drip 
was drained into the next lower heater in each 
case. 

Curve A-D shows the thermal efficiency 
without resuperheating but with steam extrac- 
tion for feedwater heating. Curve B-C shows 
the thermal efficiency with both resuperheat- 
jing and steam extraction. Curve B-E is Curve 
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A-D translated up a distance A-B, thus show- 
ing that the two gains are practically 
additive. The cross-hatched area is the 
amount by which the total increase in effi- 
ciency, when using the combinations, fails 
to come up to the sum of the gains when 
used separately. The break in the Curve B-C 
occurs at the point where the upper heater 
reaches the resuperheating point. Curve B-E 
breaks away from Curve B-C at approx- 
imately the point where the extracted steam 
becomes superheated. 

Fig. 18 shows a similar set of calculations 
on the basis of resuperheating at various 
points in both a non-regenerative and a 
regenerative cycle, A-D being the non- 
regenerative cycle with resuperheating and 
B-C being the combined regenerating and 
resuperheating cycle. B-E is Curve A-D 
moved up a distance A-B. It can be seen 
that the gains are nearly additive. The 
breaks in the Curve B-C in Fig. 18 occur at 
the points where the resuperheating point 
coincides with the extraction points. These 
breaks show that wherever possible, it is 
more economical to extract at a pressure just 
above or at the resuperheating pressure and 
before the steam has been resuperheated, 
rather than at a point just below the resuper- 
heating point. 
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Fig. 18. Curves Showing Comparative Thermal Efficien- 
cies of Turbines with Resuperheating and no Steam 
Extraction and Turbines with Both Resuperheat- 
ing and Steam Extraction in Three Steps for 
Heating Feedwater to 337 Deg. F. 


(Initial pressure 1000 lb. per oes abs. Initial and resuper- 
heating temperatures 750 deg. F. ack pressure 1 in. Hg abs.) 


The writers wish to express their apprecia- 
tion of the help and advice of Mr. E. L.. 
Robinson, Dr. A. Devaud and Mr. E: G. 
Swanson in the preparation of this article. 
Fig. 4, which had been prepared by means of a 
method worked out by Mr. Robinson, was 
particularly helpful. 
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Putting Alternating-Current Generators Into 
Service. N. L. Rea. 


Power, June 23, 1925; v. 61, pp. 980-983. 
(Practical suggestions for the operating man.) 


Bearings 
Anti-Friction Bearing Applications for Heavy 
Duty. J. B. Dahlerus. 
I.M.E. Proc., No. 2, 1925; pp. 235-331. 
(An extensive report of performance and 
tests.) 


Coal Storage 
Submerged Storage and Coal Handling Equip- 
ment at Philo. 
Power, June 23, 1925; v. 61, pp. 976-979. 
(Illustrated account of equipment at the 
Philo, Ohio, plant of the Ohio Power Co.) 


Codes, Electrical 
Proposed Changes in N. E. C. Insulator Require- 
ments. 
Elec. Wid., June 27, 1925; v. 85, pp. 1388-1389. 
Commutators 


Commutator Maintenance. N. L. Rea. 
Power, June 30, 1925; v. 61, pp. 1020-1022. 


Electric Distribution 
Evolution of Alternating-Current Secondary Net- 
works. H. Richter. 
Elec. Jour., July, 1925; v. 22, pp. 320-336. 


Recent Developments in Automatic Network 
Units. G. G. Grissinger. 
Elec. Jour., July, 1925; v. 22, pp. 336-338. 


Electric Drive—Mining 
Old Ben Coal Corporation Effects Large Savings 
with Modern Electric Equipment. A. W. 
Spaht and G. E. Marble. 
Coal Age, July 2, 1925; v. 28, pp. 3-6. 
(Includes operating and cost statistics.) 


Electric Drive—Steel Mills 
Automatic Blast Furnace. Frank W. Cramer. 
Iron & St. Engr., June, 1925; v. 2, pp. 229-242. 
(Includes material on electric drive of blast 
furnace operating machinery.) 


Electric Drive—Woodworking Plants 
Some Practical Details of the Power Service Lay- 
out for a Woodworking Plant. Francis A. 
Westbrook. 
Ind. Engr., July, 1925; v. 83, pp. 316-319. 
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Condensed references to some of the more important articles in the tech- 
nical press, as selected by the G-E Main Library, will be listed in .this 
section each month. New books of interest to the industry will also be 
listed. In special cases, where copy of an article is wanted which can- 
not be obtained through regular channels or local libraries, we will sug- 
gest other sources on application. 
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Electric Heating, Industrial 


Benefits of Industrial Electric Heating. N. R. 
Stansel. 

Elec. Wld., June 27, 1925; 

Possibilities of Industrial Heating. C. L. Ipsen. 


v. 85, pp. 1389-1390. 


Iron Age, July 9, 1925; 
Electric Motors, A-C. 


Motor Performance on Combined Secondary 
Networks. A. P. Bugill 
Elec. Jour., July, 1925; v. 22, pp. 316-319. 


Electric Power 


Review of the Development of the Electric Light 
and Power Industry 1920-1930. David 
Cowan. 

Elec. Wid., June 27, 1925; v. 85, pp. 1891-1401. 
(This paper won the first prize in the Bon- 
bright essay contest for the best review 
and forecast of the electric light and 
power industry for the period 1920-1930.) 


v. 116, pp. 74-76. 


Electric Transmission Lines, Artificial 
Some Artificial Lines and Networks Associated 
with the Uniform Telephone Transmission 


Line. 
I.E.E. Jour., June, 1925; v. 68, pp. 593-596. 


Electric Wave Form 
Wave-Form Analysis on Rectified Circuits. 
L. B. W. Jolley. 
I.E.E. Jour., June, 1925; v. 63, pp. 588-592. 


Electrical Machinery—Parallel Operation 
Parallel Operation of D-C. Generators—Com- 
pound-Wound Type. C. Lynn. 
Power, June 16, 1925; v. 61, pp. 945-947. 
(Short, illustrated article.) 


Electrical Machinery—Temperature 
Closed Ventilation Systems for Cooling of Gen- 
erators. 
Power, July 7, 1925; v. 62, p. 7. 
(Abstract from the 1925 report of the Elec- 
trical Apparatus Committee, N.E.L.A.) 


Transformer Cooling System. R. M. Peabody. 
Elec. Wid., July 11, 1925; v. 86, pp. 70-71. 
(Method used by the Southern California 
Edison Co.) 


Electrometallurgy 
Notes on Modern Induction Furnace Brass Melt- 


ing Practice. 
Brass Wid., June, 1925; v. 21, pp. 205-207. 
Fuels 
Utilization of Wood Waste as Fuel in Steam 
Power Plants. 
Mech. Engng., July, 1925; v. 47, pp. 545-554. 
(A symposium.) 
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Current-Transformer Methodsof Producing Small, 
Known Voltages and Currents at Radio 
Frequencies for Calibrating Purposes. 
D. W. Dye. 

I.E.E. Jour., June, 1925; v. 63, pp. 597-608. 


Hydroelectric Development 
Hetch Hetchy Hydroelectric Dev one of the 
City of San Francisco. P. J. O 
Jour. Elec., July 1, 1925; v. 55, pp. 35. 30. 
(Illustrated description of the Moccasin 
plant.) 
Hydro-Electric Development at the Muscle 
Shoals, Alabama. 
Engr., July 3, 1925; v. 140, pp. 9-10. 
(Serial. ) 


Laboratories 
High-Voltage Test Room Designed for Safety. 
Flec. Wid., June 27, 1925; v. 85, p. 1406. 
(Short description of precautions taken by 
the Western Electric Co. in onstructing a 
test room at their Hawthorne laboratory.) 


Magnetic Analysis 
How Defects in Steel Castings Are Identified by 
X-Ray Examination. I. E. Moul rop and 
E. W. Norris. 
Power, June 30, 1925; v. 61, pp. 1023-1026. 
(Abstract of a paper presented before the 
A.S.M.E.) 


Railroads, Electric 


Electric Rapid Transit Inaugurated on Staten 
Island. 
Elec. Rwy. Jour., July 4, 1925; v. 66, pp. 3-6. 
(Illustrated description of equipment on the 
Staten Island Rapid Transit Railway.) 
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Relays 


Automatic Network Relay. John S. Parsons. 
Elec, Jour., July, 1925; v. 22, pp. 339-344. 


Repair Shops, Electrical 
Taking and Recording Rewinding Data. A. C. 


Roe. 
Ind. Engr., July, 1925; v. 83, pp. 333-337. 


Strains and Stresses 
Photoelasticity and Its Relation to Gear Wheels. 
L. Kimball, Jr. 
Am. Mach., July 2, 1925; v. 63, pp. 7-10. 
(Serial.) 


Switchboards 
Recommendations of Electric Power Club on 
Installation and Care of Power Switch- 


boards. 
Ind. Engr., July, 1925; v. 83, pp. 327-332, 350. 


Switches and Switchgear 


Oil Switches for Distribution Systems. F. B. 
Kniskern. 
Elec. Jour., July, 1925; v. 22, pp. 348-351. 


Voltage Regulators 


Regulators for Network Distribution Systems. 
. E. Lehr. 
Elec. Jour., July, 1925; v. 22, pp. 344-345. 


Regulators on Network Feeders. C.C. Hudspeth. 
Elec. Jour., July, 1925; v. 22, pp. 346-347. 


Water Turbines 
Hydraulic Turbine of New Design Developed in 
England. F. Johnstone-Taylor. 
Engng. News-Rec., July 9, 1925; v. 95, pp. 72-73. 
(Short description of the Banki turbine.) 


NEW BOOKS 


Automotive Electricity. Earl L. Consoliver. 665 
pp., 1925, N. Y., McGraw-Hill Book Co., Inc. 


Internal Combustion Engines. Ed. 2. Wallace L. 
Lind. 266 pp., 1925, Annapolis, U. S. Naval 
Institute. 


Mechanical Design of Overhead Electrical Trans- 
mission Lines. Edgar T. Painton. 274 pp., 
1925, N. Y., D. Van Nostrand Co. 

(While complete in itself, this volume 
forms a suitable companion to the recently- 
published ‘‘Electrical Design of Overhead 
Power Transmission Lines’’ by Taylor and 
Neale. Mr. Painton has endeavored to de- 
scribe ‘‘the latest constructional details and 
the present trend of thought on design 
methods, pointing out those features which 
experience has shown desirable, and indi- 
cating how far the limitations of commercial 
manufacture enable the requirements to be 
fulfilled.”” Although intended chiefly for the 
designer and the engineer, the practical side 
of the construction of lines has not been 
overlooked. Charts, slide rule methods, and 
other labor-saving cuts have been included, 
and the use of the various equations pre- 
sented is demonstrated by practical ex- 
amples. Briefly enumerated, the subjects 


covered are: the nature and properties of 
conductors, sag and stress calculations, in- 
sulators, wood and steel poles and towers, 
constructional details and erection of lines.) 


Metallurgy of Aluminum and Aluminum Alloys. 
Robert J. Anderson. 913 pp., 1925, N. Y., Henry 
Carey Baird & Co. 


Production and Measurement of Low Pressures. 
F. H. Newman, 192 pp., 1925,.N. Y., D. Van 
Nostrand Co. 


Psychology of Selecting Men. Donald A. Laird. 
274 pp., 1925, N. Y., McGraw-Hill Book Co., Inc. 


Structural Engineering. Vol. 2: Fundamental 
Properties of Materials. George F. Swain. 
200 pp., 1924, N. Y., McGraw-Hill Book Co., Inc. 


Telephone Communication. Charles A. Wright and 
Albert F. Puchstein. 515 pp., 1925, N. Y,, 
McGraw-Hill Book Co., Inc. 


Testing of High-Speed Internal-Combustion En- 
gines. Arthur W. Judge. 392 pp., 1925, N. Y.,« 
D. Van Nostrand Co. 


Thomas Alva Edison. Francis A. Jones. 


399 pp., 
1924, N. Y., Thomas Y. Crowell Co. 
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No kick-back 


Users have noticed in the against the operator, should 
D&W OilFuse Cutoutthe he close on a short. 


necessity ofrotating thefuse The D & W is the only cut- 
plug and locking it before out with this safety feature 
the circuit is made. —one of the ten im- 
portant advantages 
This prevents any 46, | which entitles the 
possibility of the fuse D & W to the rating 
holder kicking back “morethan acutout”. 
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Sizes 
14 to 10 H.P. 


Low Operating Cost— 
high power 


If your Single-Phase applications 


Characteristics: require reliability in the driving 
High Torque motor— 
Ry Yisston 78 
Pal, Out . 
High Efficiency If you demand “lastingness” and 


High Power Factor 


sprit Sia es bull-dog tenacity on your power 
Low Heating jo Reese 


Excellent Commutation 


Overload Capacits 
ee R garitiat ec If you want the latest and best 
Starting single-phase motor— 
Positive oper ation pi - 
cise ie” SL Specify the type SCRI 
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$0 75 100 125 


the result of 


factor and efficiency 
The power factor of SCR motors 


is unusually high (approaching + eeu h a 
100%) throughout the working installed, marked efficiency 
and economy are gained and 


range! maintained in the perform- 
ance of machines they drive. 
Their balanced mechanical 
and electrical construction 
makes them exceptionally 


The efficiency of the SC R motors trouble-free and unfailing. 

li ll h Hi * G-E Motorized Power pays 

aS a line—as we as the e c1ency you as surely as good invest- 
° ¢ t bonds. Ask 

of each size throughout the working pe etista nities tor tutor: 

range is high! erg: 
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Factory-built 
—complete 


_,. Every year 


the other lines of Switching, 
Control, and Protective Equip- 
ment, which are necessary fac- 
tors in the distribution of 


electric power. Every device 
involved is designed by special- 
ists, whose work includes 

study of the assembled appa- 


ratus. Users recognize the im- 
proved operation of perfected 
devices when properly co-or- 
dinated in equipment that is 
best suited for the particular 
applications. 
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ACH year more G-E Truck type Switchboards are installed than the year before. 
Engineers everywhere are thinking of switchboard economy and safety and 


service in terms of G-E ‘‘Trucks’’. 


Ten years ago General Electric built its first equipment of this type—which is still in 
operation. Today there are thousands of G-E Truck type Panels installed in central 
stations and the power plants of practically every industrial field. 


Users of power at 15,000 volts, or less, should investigate the Truck type Switchboard, 
which is completely fabricated at the factory and has these important advantages: 


Continuity of power Economy 


Only with truck panels, which are removable and inter- Installation, inspection, repair, and extension operations 
changeable, can a ‘‘spare’’ panel be immediately pushed are so smmplified and rendered so safe that the time for doing 
into the place of one rendered inoperative. This means this work is reduced to the minimum. Losses from*delays 
practically continuous service. caused by a disabled switchboard are practically eliminated. 


Safety to operators 
Low Cost ’ . 
All high-voltage parts are entirely inaccessible when the 


For equal functions, equal safety, and equal convenience of truck is in its housing. When the truck panel is removed 
operation the over-all cost of truck panels installed is less from its contacts for inspection or repair, all parts on the 


than that of other types of switchboards. removable unit are electrically dead. 
228-65 
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ire /nsurance 


Protect your generators with 
G-E Surface Air Coolers 


The G-E Surface Air Cooler operates in a closed 
system. The volume of air in such a system can 
support but a small amount of combustion. A fire 
started in the generator windings will be immedi- 
ately smothered. 


The generator is protected also against dirt and 

° other harmful agents coming in contact with the 

Exclusive G E Features insulation, because the closed system contains 

Nealieaiii weund-taa aneitee only clean, dry air and re-circulates it over and 
copper fin designed for maximum over. 


heat transfer, : j 

E Still other advantages of the closed system of 
xtremely simple multi- -pass water rj 5 : 
box with removable cover plate. ventilation are: 


Individual tubes easily removed Generator losses heat feed water 


and replaced, : ° ° ° 
Non-corrodible, muntz-metal tube Less noise from circulating vad 


sheets, one inch in thickness, Very simple air ducts 
Sherardized bolts and frame, G-E Surface Air Coolers are easily installed for 
Heavy, rigidly welded, structural existing equipment. By all means include them 
steel frame. 


Simple, but rigid, tube support at 1n Pew ine 
center of tube bank. Bulletin 45609 hs 
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Electro Plating Generators 


and 


Motor Generator Sets 


with 


General Electric Motors 


GENERATOR, 15,000 AMP., 8 VOLTS, 360 R.P.M. 
GENERAL ELECTRIC MOTOR, 200 H.P., 3-PHASE, 60 CYCLES, 2300 VOLTS 


Types T-B-P 
25 to 15,000 Amperes 


CHANDEYSSON ELECTRIC COMPANY 


4092 Bingham Ave. St. Louis, Mo. 


Say you saw it advertised in the GENERAL Exectric Review 


Branches: New 
York City, Bos- 
ton, Chicago, 
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Made in Sheets, Rods. lubes 
and Special Shapes 


From the red, grey or black, sheets, 
rods, tubes and all special forms can 


We Manufacture Every Known 


Carbon Product 


Automobile Brushes 
For Starting Motors and Lighting Generators. 
Carbon Brushes 
For Stationary Motors and Generators. 
Rotary Converters, Turbo Generators and 
Railway Motors. 
Carbon Electrodes 
For Electric Furnaces. 
Carbon Rings 
For Steam Turbines. 
Carbon Rods 
For Electric Welding. 
Carbon Plates and Rods 
For Electrolytic Work. 
Battery Carbons 
For Dry Cells and Flashlight Batteries. 
Plate Carbons 
For Furnace Lining. 
Projector Carbons 
For Motion Picture Machines. 
Searchlight Carbons 
For Floodlighting and Intense Illumination. 
Studio Carbons 
For Moving Picture Studio Lighting. 
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Philadelphia, be sawed, stamped, turned, drilled, 
San Francisco, threaded and finished in many attrac- Carbon Tubes ; 
Los Angeles, tive ways, For Protective Casings. 
Detroit : 5 Carbon Contacts 
Cleveland All Spaulding branches are equipped For Circuit Breakers. 
Gincmnatl to make special shapes, Carbon Discs 
at a ties terest Hashirecay: 
ghUL Diy arbon Specialties 
< Fibre arte SPAULDING FIBRE CO., INC. Rartalltatherianri 


On pass 320 Wheeler St. Tonawanda, N. Y. Tiventy-Fiea Years’ Expavioncs 


SPEER —the name of quality 


SPEER CARBON COMPANY 
ler VigACR ay) Sime Ags 


HARD FIBRE 


Union Gas 

and Electric 

Company 
says: 


“Our West End Station was put 
into operation in 3 sections—the 
first of 60,000-kw. capacity, and 
the second and third of 30,000 kw. 
each. 

“Twelve Buffalo Forge Turbo- 
Conoidal double width, double inlet 
fans furnish the forced draft for the 
underfeed stokers. Eight of these 
fans, used on 1263-h.p. boilers, were installed in February, 1918. The other 4 
fans were put into service in March, 1921. 

“The fans must operate continuously at times for 72-hour periods, but they 
have performed satisfactorily and easily deliver their rated air capacity. 
With our automatic stokers they enable us to get three or four times the horse- 
power that would be possible with the old-fashioned hand firing. In addition, 
the stokers and fans insure more perfect combustion, which means real fuel 
economy. 

“Buffalo Forge Fans are being installed throughout in the big new Miami 
Fort Station of the Columbia Power Co.—an affiliated company.” 


This information is from D.S. Brown, Supt. of Production, Union Gas & Electric 
Co., Cincinnati. 
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for 


permanent 
Satisfaction 


Catalog 730 sent on request 


BUFFALO FORGE COMPANY 
170 Mortimer Street Buffalo, N. Y. 
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VE TARE 


For the heaviest loads 
and hardest motor serv- 
ice—under conditions 
where no other bearings 
will stand up. 


NVRMA-HUFFMANN BEARINGS CURPURATION 
Stamfvrd—-Cynnecticut 
PRECISION BALL,ROLLER AND THRUST BEARINGS 


CHUTTE Offset Body 
GRTING Trip Valves 


for large Turbines or steam mains 


Built for steam pressures up to 1200 lbs. 


Offset feature reduces pressure losses 


Ask Valve Dept. for details 


SCHUTTE & KOERTING CO., 1196 Thompson Street, Philadelphia, Pa. 
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Don’t Hesitate 


The man who hesitates 
may not be lost, BUT 


THE MORSE 
“ROCKER JOINT 


He is surely missing some of 
the good things 


Order of your supply 
house or direct from 
us a 


Hide Faced Hammer 


40-H.P. Morse Silent Chain Drive from motor to heavy duty grinder 
Driver, 870 r.p.m.; driven 557 r.p.m., 30-inch centers 


Positive, Flexible 
Power Transmission 
Morse Silent Chain Drives provide a positive, R aw H 1 d e M a l l e t 


flexible transmission for all types of power Give it a fair trial 
drives between parallel shafts. 


We know that you will be satisfied 


With a friction loss of less than one and one- and we will gain a new 


half percent, they are being run at speeds from 


customer. 
6,000 to 250 r.p.m. or slower, and are trans- 
mitting from one-quarter to 5,000 h.p. They The fact that our Hide Faced Hammers 
are as flexible as belts, positive as gears, and have been used in some of the largest 
more efficient than either. Electrical Factories in the country for 
a great many years is, in Our opinion, 
The nearest Morse Engineer understands one of the best recommendations we 


your power transmission problems, and can offer. 


is at your service. 
Holbrook Raw Hide Co. 


Morse Cuan Co., ITHaca, N. Y. 


748 N. Main St. Providence, R. I. 
There is a Morse Engineer near you 
Atlanta, Ga. Minneapolis, Minn. 
Baltimore, Md. New Orleans, La. 
Birmingham, Ala. New York City, N. Y. 
Boston, Mass. Omaha, Neb. 
Charlotte, N. C. Philadelphia, Pa. 
Chicago, III. Pittsburgh, Pa. 
recibir | tage San Francisco, Calif. 
enver, Colo. St. Louis, Mo. z 
Detroit, Mich. Toronto, Ont., Canada Manufacturers of Hide Faced 
Louisville, Ky. Winnipeg, Man., Canada 579 Hammers and Raw Hide Mallets 


——— 
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e (Gr, Ice | 
the Professi on 


The largest selling Quality pencil 


in the worl. 


? | SHE first pencil ever sold under a 
guarantee of uniform grading; the 
superbly smooth and remarkably 

long lasting VENUS Pencils are the fa- 


vorite among technical men everywhere. 


17 Black Degrees 3 Copying 


For bold, heavy lines . . 6B-5B-4B-3B 
For writing, sketching . 2B-B-HB-F-H 
For clean, fine lines . 2H-3H-4H-5H-6H 
For delicate, thin lines. . . 7H-8H-9H 
Plain Ends, per doz. « $1.00 
Rubber Ends, per doz. . 1.26 


Cool Condenser Water 
on Hot, Humid Days 


And on all other days this 
C. H. Wheeler Forced Draft 


Cooling Tower, re-cools the 


Free Samp'e At all stationers and 
on request drafting supply dealers 


American Lead Pencil Co., 213 Fifth Ave., New York 


circulating water, resulting 
in a high vacuum being car- 


ried the year around. 


Where space is available a 


Preserve your copies o 
Natural Draft Cooling Tower iY P f 


may be installed. the 


Let us solve your con- 


General Electric Review 


and at the end of the 
year return them to the 


publishers for binding 


denser water re-cooling prob- 


lem. 


C.H.Wheeler Mfg.Co. 


19th St., Lehigh and Sedgley Aves. 
Philadelphia 


[= 


“C, H. Wheeler of Philadelphia” 


DUPECEUCUCUCEEEUDUUEED EDO DCDOU CEE DEGPCUEREODEE DEPOT EGRET CRECCEEDERDOCUECCDECGCURE DEDEDE DOOD ETA O ODD PCUCEOUDEDERD DOCU REO R EAD ED OETA GDA T TOUR EEOC OOUCUECCCEECER EERE EEE E ECU A CEU O TTT T CTE E ATE O TEED ODT U ED OC CUPP CECS EE EE EEE EP EEE LE EEE EEE E EEE E EEE R EET E CEE C OEE E EEE E EERE EOEE EERE EEO 


SLUPCUCCCU CUDA OCCT EERE REECE DEE O COTS TOCA O DTTC CCE E ONCE CUO D OD ECC CTO T UE ECO ODEO DATOS SOOT OE CCC ODDO ERED TOTO OUTC OOOO OO URC O UNO O ROC T OO UNODCO REED EDC DR OODORS ODOC RCCCUOUUCORCOO EU ORCC ORD ORCUROODOCUROREURCOEUUUCCRCORECUECCOOUOCCCECEORUCCOCTOCUCCRUOCEOECOD EURO OORT EURECUREDORTEGRGDEECCCCREORORCODUEODRCUREOOES 


ITIP PEEP PEPE 
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The Babcock & Wilcox Co. 


85 LIBERTY STREET, NEW YORK 
ESTABLISHED 1868 


INDUSTRIAL POTENTIOMETER 
(‘‘S-H”’? Standardizing Set) 


For checking and calibrating portable and switchboard elec- 
trical instruments. 

Makes comparisons by means of a Precision Millivoltmeter 
against a standard cell. Direct reading in volts and amperes 
using precision shunts and multipliers. Entirely self-contained 
and portable—weighs about 25 pounds. 

Anyone of ordinary skill can operate this Industrial Potenti- 
ometer and can calibrate instruments as accurately as the scales 
of the instruments under test can be read. 

Used as a laboratory and portable reference standard by meter- 
men in Power Companies, Electric Railways and Industrial Plants. 


Described in Catalog 1015-G 
Write for copy 


JAMES G. BIDDLE 


1211-13 Arch Street, Philadeiphia 


Not only insulation 
but workability — 


PESOS EB, FIBRE 
CELORON 


Pag most adaptable forms of in- 
sulation material are represented 

in Diamond Fibre and in Celoron. 
Tough, Strong, with unusual di- 
electric resistance, yet offering a de- 
gree of workability that makes these 
two indispensable to the industry. 
Investigate these two materials. 


\ Diamond State Fibre Company 


Bridgeport, Pa., and Chicago, Ill. 
The oldest and largest manufacturer in 
the vulcanized fibre-laminated 

technic al products industry 
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Water Tube Boilers 
Steam Superheaters 
Chain Grate Stokers 


BRANCHES 


Boston, 49 Federal Street 

PHILADELPHIA, Packard Building ee 
PitTSBURGH, Farmers Deposit Bank Building 
CLEVELAND, Guardian Building 

Cuicaco, Marquette Building 

Detroit, Ford Building ; 

CINCINNATI, Traction Building 

ATLANTA, Candler Building 

PHOENIX, Ariz., Head Building 

New Or.EANS, 521-5 Barrone Street 
Houston, Texas, 1011-13 Electric Building 
Dattas, Texas, 2001 Magnolia Building 
DENVER, 435 Seventeenth Street 

Satt LAKE City, 405-6 Kearns Building 
San Francisco, Sheldon Building 

Los ANGELEs, 404-406 Central Building 
PORTLAND, ORE., 805 Gasco Building 
SEATTLE, L. C. Smith Building 

Havana, Cusa, Calle de Aguiar 104 

San JUAN, Porto Rico, Royal Bank Building 
Hono.u ty, H. T., Castle & Cooke Building 


DIAMOND 


SOOT BLOWERS 
for all types of boilers 


Save 4 to 8% fuel. 


Save labor and 
labor turnover. 


Keep boilers on the 
line longer. 


DIAMOND 
POWER SPECIALTY 
CORPORATION 


10340 Oakland Avenue 
DETROIT 
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The measure of 
a good machinist 
—a Starrett Steel 
Rule. 


Ask your dealer or send 
fir Catalog 23 “KF” 


THE L. S. STARRETT CO. 


ENDURANCE 


UNEQUALLED 
PRACT megeracks sheets 


LOWEST UNIT COST 
OF OPERATION POSSIBLE 


CENTRAL STATION CATERING 
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BRIDGE RATIO ARMS 


TYPE 210 


An instrument of great convenience for 


bridge measurements when used in con- 
with standards of 
resistance, inductance or capacitance. 


junction suitable 


Described in Bulletin 209G 


Price $36.00 


GENERAL RADIO Co 


Manufacturers of 


Radio and Electrical Laboratory Apparatus 
30 State Street, Cambridge, Mass. 


Type 


The proper relation of turbine-governing equipment to 
the power units has an important bearing on the success 
of the installatioa from the standpoint of protection to 
powerhouse and equipment as well as speed control. These 
are basic considerations in Pelton design. 

Type DG governor actuators are equipped with emer- 
gency shutdown device, automatic lubrication, load-limiting 
device, etc. They are adaptable to complete remote con- 
trol with remote indicators as desired. 


THE PELTON WATER WHEEL CO. 


Hydraulic Engineers 
2981 Nineteenth St., San Francisco 100 Broadway, New York 


Associated Companies: Wm. Cramp & Sons Ship & 
Engine Bldg. Co., Philadelphia; Dominion Eng. Works, 
Montreal; Sociedade Anonyma Hilpert, Rio de Janeiro. 


PE LTOrT 
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43 Exchange Place 


The J. G. White Engineering Corporation 


Engineers—Constructors 


Steam, Water Power and Industrial Plants, Transmission Systems, Oil Refineries and Pipe Lines, 
Hotels, Apartments, Railroads 


Reports and Appraisals 


SEPTEMBER, 1925 


New York 


FIRELESS WIRELESS 
FURNACES 


3000° C.—10 min.—carbon free 


AJAX-NORTHRUP 


> high frequency induction 
Trade Mark furnaces. 
Write for G2 and 8 


y Sw : 
Ajax Flecttothermie Corporation 
Wag ssi: New Jerszy 


G. H. Clamer, Pres. 


E. P. Northrup, Vice-Pres, 


emember thus 2 


“Vari-Tint’? Pin Badge, Over Two (ii 
Million Distributed By Lighting 
Educational Committee. 

Grammes Made Them, And Was 
Commended For “Excellent 
Service And Splendid Cooperation.’’ 

How Can We Show You Service? 


L. F. GRAMMES & SONS, INc. 
393 Union St. Allentown, Pa. 
1875 Our Fiftieth Year 1925 
Mfrs. Metal Specialties, Name Plates, Etc. 


Silk for 
Insulat- 
ing Finest 


Wire 


@ 
Electrical 
Purposes ] 


ALL KINDS BRAIDING SILK 


William Ryle & Co. 


381 Fourth Ave. 
Cor. 27th St. 


NEW YORK 
Crry, 


Chicago 
Cleveland 
Cincinnati 
Denver 
Detroit 
Indianapolis 


INDIA MICA 


AND 


SPLITTINGS 


L. VANDERVELDE 


Late D. JAROSLAW 


19 Tower Hirt 


LONDON ENGLAND 


“IRVINGTON” PRODUCTS 
Black and Yellow 
Varnished Cambrics Varnished Paper Varnished Silk 
Flexible Varnished Tubing 
Insulating Varnishes and Compounds 
“Cellulak” Tubes and Sheets 


IRVINGTON VARNISH AND INSULATOR CO. 
IRVINGTON, N. J., U.S.A. 


Sales Representatives in all principal cities 


Albany 
Atlanta 
Boston 
Minneapolis 
Philadelphia 
Pittsburgh 
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XECUTIVES of the 

Electrical industry will 
profit by communicating 
with these representative 
firms when in need of 
material, equipment, or 
expert advice. 


GENERAL 
ELECTRIC 
REVIEW 


Directory of Advertisers 


Ajax Eleetrothermic Corp 
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SARGENT & LUNDY 


Incorporated 


JOHN A. STEVENS 


Mechanical and Electrical 


Consulting Power Engineer 
Engineers 


8 Merrimack Street 
1412 Edison Building 


Lowell, Massachusetts 72 West Adams St. Chicago, III. 


Pala aoe AR ead 


A. L. DRUM & COMPANY 


Consulting and Contracting 
Engineers 


DWIGHT P RoBINSON & COMPANY ' 


INCORPORATED 


Design and Construct 
Power Plants 
Hydro-Electric Developments 
Industrial Plants 
Railroad Shops and Terminals 


Valuations and Financial Reports 
Construction and Management 
of Electric Railways 


125 East 46th St., New York 


Chicago Montreal Los Angeles Atlanta 


Philadelphia Rio de Janeiro 


230 South Clark Street CHICAGO, ILL. 


PUBLIC SERVICE PRODUCTION Co. 


McCLELLAN & JUNKERSFELD, Inc 


ENGINEERING AND CONSTRUCTION 


Engineers and Constructors 


Design and Construction of Power Plants 
Substations and Industrial Plants 


Wyaminaionwarid Reporte Power Developments— Industrial Plants— Electrifications 


Examinations—Reports 


Valuation and Management of Public 
Utilities 


NEW YORK 
68 Trinity Place 


Chicago St. Louis Washington 


| 80 Park Place Newark, N. J. 


THE FOUNDATION COMPANY 


Engineering Construction 
Steam and Hydro-electric Power Houses 
Dams Transmission Lines 
Industrial Plant Construction 
Superstructures as well as Substructures 


120 LIBERTY STREET CITY OF NEW YORK 


Offices in principal cities througheut the United States and abroad 
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“INDIANA” 


Double Galvanized Telephone 
and Telegraph Wire 


CRAPO PATENTS 
Non-Peeling—Non-Cracking 


At last the Telephone and Electrical Industry is assured longer life and 
lower maintenance on galvanized wire construction through our new 
and improved patented Galvanizing Process, which i insures a wire with 
Non-Peeling and Non-Cracking Zinc Coating. Now in full commercial 
production. Carried in stock by Representative Supply Jobbers. 


Illustration at right shows what happens to old process galvanizing, while 
the illustration at left shows assured results of CRAPO PROCESS—(patented) 


ee Steel Strand 


Seda or Ce eehaiat: Siemens-Martin, High Strength 
and Extra High Strength Grades 


Indiana Steel & Wire Company, - - Muncie, Indiana 


& TOO =| 


Accompanying view shows one of Four 


single-runner, vertical shaft, cast iron scroll- HYDRAULIC 


case Hydraulic Turbine Units now in 


successful operation in the Tugalo Plant | T U R B | N E S 


of Georgia Railway & Power Co. 


Each turbine devel- 
ops 22,000 H.P. at 
171.4 Rev. under 150 
ft. head and is direct- 
connected to a 12,500 
kw. General Electric 
Generator. 


- We have 
The Experience, 
The Resources, and 
The Manufacturing 
‘Skill enabling us 
to render REAL 
SERVICE. 


Ask our Dept. ‘‘G’’ 
' for Bulletin of 
Designs and Data 


oS: Morgan format he (Cae Voc. Pa. 


‘Sti 


| 


Bone Bona / 


eae | OF 


~ And Bang Goes 
—* Production 


A BELT BREAKS. A whistle blows or a bell rings. 
Trouble. Breakdown. Grief. 


And here comes the belt man on the hop, skip and jump— 
that drive must be fixed and fixed in a hurry. 


One minute to blow or toot. Ten minutes to fix the break. 
Another four minutes for conversation. 


Yes—fifteen minutes would be small time loss—much less 
than usual. But that’s not all. Production stopped. 
There’s the real rub. 


Production breaks when drives break. Costs mount 
with every lost minute. 


Positive insurance against this kind of broken production 
is easily bought. It’s permanent protection, too. Use . 
Link-Belt Silent Chain Drives! 


Many. Link-Belt Silent Chain Drives have been in 
continuous operation for ten, fifteen, twenty years. 
They are still giving excellent service. : 


Daleec NEW Ghevied Flexible as aS a belt—positive as a gear—more efficient 
in Stock than either, these Silent Chain Drives deserve a place in 
Link-Belt, Silent Chain Drives, your plant. Then production breaks cease—and in a few 
any speed ratio from 1 to 1 up years’ service, Silent Chain Drives will more than pay for 

irom tock from a Link Bel themselves. Send for price-list Data Book No. 125. 

Book 725. or name of your x 
nearest distributor 
LINK-BELT COMPANY 2305 
Leading manufacturers of Elevating, Conveying and Power Transmission Machinery 

F PHILADELPHIA. 2045 Hunting Park Ave. INDIANAPOLIS, P: O. Box 85 


CHICACO, 300 W. Pershing Road Offices in Principal Cities 


